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l i qu id  hydrogem requirements for Kennee Space Center t o  support S p a c  
Transportation System operations during the per iod 1982 through 1991 
have been establ ished a t  500,000 gallons per launch, excluding losses 
r e l a t i n g  t o  transportat ion. A t  e x i s t i n g  contract  prices. t h i s  represents 
approximately 60 percent o f  the t o t a l  cost  o f  propel lants and pressurants 
for Shuttle launch operations. 
perwnt o f  the t o t a l  del ivered cost o f  l i q u i d  hyd'mgen. 
planned r a t e  o f  40 launches per year be achieved, the cost o f  transpor- 
t a t i o n  could exceed $50,000,000 by 1991. 
I n  turn, t ransportat ion represents 25 
Should the 
Marshall Space F l i g h t  Center i s  r s p o n s i b l e  f o r  procurement and 
l o g i s t i c s  o f  l i q u i d  hydrogen f o r  a l l  Government users and has awarded 
a long-tern u p p l y  contract t o  A i r  Products and Chemicals, Inc. t o  
support U.S. East Coast requirements. 
years and included construction o f  a new, dedicated, 30-ton-per-day p lan t  
i n  New Orleans, Louisiana. 
include a speci f ied r a t e  using vendor-owned standard 13,000-gal lon mobile 
tankers through mid-1982. This study \vas i n i t i a t e d  i n  cooperation w i t h  
Marshall Space F l i g h t  Center and A i r  Products and Chemicals. Inc. t o  
examine the transport ing o f  l i q u i d  hydrogen from the vendor f a c i l i t i e s  i n  
New Orleans to  Kennedy Space Center using a1 ternat ive t ransportat ion means 
t o  determine the optimum inode i n  terms o f  cost and operational effect iveness. 
The basic contract  was f o r  12-1/2 
Transportation provisions i n  the contract 
This study examines and compares sixteen selected transportat ion options 
using various combinations o f  barge, semi t ra i le r  tankers , and r a i l c a r s  t o  
i 
meet the projected l iquid hydroger. requirements dur ing the Shut t le  
operational time frame. Each t ranspor tat ion option i s  examined as a 
complete operational concept and i s  analyzed i n  t e n m  o f  operating, 
maintenance, off loading, and t rans fer  costs and i n  t e r n  o f  the 
fo l lowing operational character is t ics :  
Adaptabi l i ty  t o  incremental investment f o r  equipment based on 
Shutt le launch rates ac tua l l y  achieved. 
Dependabi 1 i ty i n  d e l i  ve r i  ng 1 i q u i  d hydrogen w q u i  renrents and 
suscep t ib i l i t y  t o  serious o r  catastrophic accident. 
Major addi t ional  f a c i l i t i e s  and construct ion required and t ime 
factors a f fec t i ng  such requirements. 
Compat ib i l i ty  w i th  ex i s t i ng  l i q u i d  hydrogen onloading and o f f -  
loading f a c i l i t i e s  a t  the vendor p lan t  and Kennedy Space Center 
f a c i l i t i e s .  
In t rans i  t hazard posed t o  populat ion centers between the point  
o f  o r i g i n  and f i n a l  destination. 
Sens i t i v i t y  t o  labor  disputes, fue l  shortages, o r  s i g n i f i c a n t  
incwxises i n  personnel and equipment costs. 
Sens i t i v i t y  o f  each method o f  t ransportat ion t o  programed 
rates o f  40 launches per year and a t  reduced launch rates. 
Based upon deta i led comparison o f  cost and operational effect iveness 
o f  the sixteen 1 i qu id  hydrogen transportat ion options addressed i n  
th i s  stuay and evaluation o f  the data per ta in ing t o  each opt ion i t  
i s  concl uded tha t :  
0 The most cost e f fec t i ve  methods o f  t ransport ing l i q u i d  hydrogen 
ii 
fm A i r  Pmducts and Chemicals, Inc. i n  New Orleans t o  
Kennedy Space Center include those options which maximize 
the use of e x i s t i n g  NASA t ransportat ion resources (mobile tankers 
and r a i l c a r s )  and which supplement t h i s  capab i l i t y  w i t h  
maximum capacity mobile tankers, procured on an incremental 
basis, as a function o f  STS program mater ia l izat ion.  
L i q u i d  hydmgen del ivery  by vendor-owned mobile tanker f .o. b. 
dest inat ion i n  accordance wi th the e x i s t i n g  NAS8-31034 contract  
would not  be cost e f f e c t i v e  i f  continued a t  the current transpor- 
t a t i o n  r a t e  on a projected s t r a i g h t  l i n e  cost basis. 
L i q u i d  hydrogen del ivery by barge does not appear to  he a cost 
e f fec t i ve  o r  a t t r a c t i v e  method o f  t ransportat ion due pr imar i l y  
t o  high i n i t i a l  investment cost  f o r  f a c i l i t i e s  and equipment. 
L iqu id  hydrogen del ivery  using addi t ional  NASA-procured 13,000- 
ga l lon mobile tankers i s  no t  a cost  e f f e c t i v e  method o f  trans- 
por ta t ion  due t o  the comparatively low volume and higher 
operating cost per pound o f  product del ivered i n  coniparison t o  
other optioi is; however, u t i 1  i z a t i o n  o f  niaxirnurn capacity niohile 
tankers has s igt i i  f icdr i t  cost advantages. 
L iqu id  tiydruyet? del i ve iy  by 
method of t rar \syortnt ion i t i  
should pmve not feasible f 
Based upon plugrani w q u i  wments 
and the conclusions derived, i t  
support plan whi cti i tic1 udcs niax 
isailcar could be c o s t  e f f e c t i v e  
the event o t h e r  ‘11 ten ia t ives 
r t txt i t iol  ogi cal or o t h r r  reasons. 
i n  e f f e c t  a t  the time o f  t h i s  study 
i s  wcunaiunded that  a basel it ie 
tiiutii uti1izn;ion o f  ex is t ing  NASA 
iii 
l i q u i d  hydrogen mobile tankers and r a i l c a r  transportation assets be 
implemented as the primary transportation method i n  support of 
Shuttle f l i g h t  operations a t  Kennedy Space Center. 
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TRADE STUDY 
LIQUID HYDROGEN TRANSPORTATION 
KENNEDY SPACE CENTER 
1 .o INTRODUCTION 
Marshall Space F l i g h t  Center (MSFC) Huntsville, Alabama, under 
contract NAS8-31034 awarded July 1,  1975, engaged Air Products 
and Chemicals, Inc. (APCI), New Orleans, Louisiana, t o  provide 
l i q u i d  hydrogen (LH2) requirements for a l l  East Coast Government 
users. LH2 requirements t o  support Kennedy Space Center (KSC) 
Space Transportation System (STS) operatSons equate to  approx- 
imately 60 percent of the total  cost of propellants for KSC STS 
operations. Transportation of LH2 represents a significant 
portion of t h a t  cost and could exceed $50,000,000 by 1991. The 
existing contract provides a transportation rate schedule only 
through mid-1982 and addresses delivery by 13,000-gallon (ga l )  
mobile tankers under free-on-board ( f . 0 . b . )  destination or o r ig in  
opt ions.  During Source Evaluation Board deliberations, i t  was 
recognized t h a t  the long-range transportation methods o f  delivery 
t o  KSC would require further detailed study to determine the most 
cost-effective method. 
was placed i n  the t *ansportation appendix to  the contract: 
contractor i s  epcouraaed t o  provide a1 ternate methods whlch he 
determines more cost effective." 
FGr this reason, the following statement 
"The 
KSC, i n  cooperation w i t h  MSFC and APCI, in i t ia ted this LH2 transpor- 
t a t i o n  trade study to  analyze and compare various transportation 
1 
2.0 
modes ana combinations o f  modes and t o  permit assessmrt. of trans- 
por ta t ion  problems, costs , and in tang ib le  considerations. Some 
t ransportat ion options considered i n  the stucly will  impact con- 
t r a c t  NAS8-31034 and w i l l  requi re  approval o f  the MSFC Contract- 
i n g  Of f i cer .  E n v i  mnmental imp.. ,t assessments f o r  various trans- 
potstation modes were not included i n  t h i s  study. 
S COF E 
This stuav examines and compares sixteen possible t ransportat ion 
options using various combinations o f  h a v e ,  semi t ra i l e r  tankers 
(mobile tanhers), and r a i l c a r s  t o  w e t  p w j e c t e d  LH2 requirements 
during the STS operational t i m e  frame, 1982 through 1991. Each 
opt ion i s  exaniiried as a cbx t le te  operationdl concept and i s  an- 
alyzed i n  terns o f  operating, maintenance, of f loading, and transfer 
costs. A wnparison o f  the cost-effectiveness o f  each opt  on i s  
then presented '. '  tabular and graphical fomi t o  f a c i l i t a t e  eval- 
uation o f  each met iod o f  transportat ion. A b r i e f  descr ip t  on o f  
each icption i s  presented below. Deta i ls  of each option are pre- 
sented i n  Appendices 1 t h r v q h  16. 
1 
L 
2.2 
2.3 
2.4 
2.5 
2.6 
OPTION 2 (BARWRAILCAR COH8IMTION) 
One 6overment-amed barge, as i n  Option 1, del ivers  L)t2 d f r e c t l y  
to the of f loading t e m i n a l  a d  storage sphere a t  C-39, Pad A. L k  
i s  t ransf?rred frpn thr barge t o  34,000-gal r a i l c a r s  f o r  t ransport  
md offloading into the storage sphere a t  Pad 8 (Appendix 2). 
OPTION 3 (BARGEIPIPELXNE ~IWATIOW) 
One bvermmt-owned barge, as i n  Option 1, del ivers  Lt!z directly 
to the offloading terminal and storage sphere a t  C-39, rad A. Le 
i s  t ransferred by cross-country, vacuum-jacketed (VJ) p ipe l ine  t o  
the storage sphere a t  Pad B (Appendix 3). 
OPTION 4 (BAffiE/l3,000-GAL HOBILE TANKER COMBINATION) 
One bvemment-owned barge, as i n  Option 1, del ivers  LH2 d i r e c t l y  
to the of f loading terminal and storage sphere a t  C-39, Pad A. LHz 
i s  t ransferred t o  13,000-gal nmbiie tankers f o r  t ransport  and o f f -  
loading i n t o  the storage sphere a t  Pad B (Appendix 4). 
OPTION 5 (BARGE/INVEMORY TANK COMBINATION) 
One Govemnent-owned barye, as i n  Option 1, del ivers LH2 directly 
t o  the of f loading terminal and storage sphere a t  C-39, Pad A. LH2 
4s transferred t o  a 530,000-gal inventory tank near Pad A f o r  sub- 
sequent t ransfer t o  13,000-gal tankers f o r  de l ivery  and of f load 
i n t o  the storage sphere a t  Pad 8 (Appendix 5). 
OPTION 6 ( I  3,000-GAL MOBILE TANKER/COMMON CARRIER) 
Twenty Government-owned 13.000-gal LH2 nlobile tankers, transported 
by c e r t i f i e d  c m o n  car r ie r ,  de l iver  LH2 from APCI  d i r e c t l y  t o  storage 
spheres a t  C-39, Pads A and B on a 56-hour round t r i p  schedule 
(Appendix 6). 3 
2.7 
2.0 
2.9 
2.10 
2.11 
WTIOW 7 (13,OOO-GAL MOBILE TANKER/GOCO* TRACTORS) 
Twenty 6ovennent-aned 13,000-gal LH2 mobile tankers, transported 
by Goco tractors, d e l i v e r  LH2 fron APCI d i r e c t l y  t o  storage spheres 
a t  C-39, Pads A and B on a !%-hour round trip schedule (Mpendix 7). 
OPTIOU 8 (19,700-GAL CIW)BILE T A N K E R / O N  CARRIER) 
Twelve Govemnt-owned 19,700-gal LH2 mobile tankers, transported 
by c e r t i f i e d  co1113on carr ier ,  de l i ve r  LH2 f n  APCI d i r e c t l y  t o  
storage spheres a t  C-39, Pads A and B on a %-hour romd t r i p  
schedule (Appendix 8). 
OPTION 9 ( 19,700-GAL MOBILE TANKER/GOCO TRACTORS 1 
Twelve Goverment-owned 19,700-gal LH2 m b i  le tankers, transported 
by GOCO t ractors,  de l i ve r  LHz fran APCI d i r e c t l y  t o  storage spheres 
a t  C-39, Pads A and B on a 56-hour round trip schedule (Appendix 9). 
OPTION 10 (APCI 13,000-GAL MOBILE TARKER - F.O.B. KSC PADS) 
APCI-owned and -operated 13,000-gal LH2 mobile tankers and t ractors  
de l i ve r  LH2 from APCI d i r e c t l y  t o  storage spheres a t  C-39, Pads A 
and B f.0.b. KSC (Appendix 10). 
OPTION 11 (APCI  13,000-GAL MOBILE TANKER - F.0.B. KSC INVENTORY TANK) 
APCI-owned and -operated 13,000-gal LH? mobile tankers and t ractors  
de l i ve r  LH2 from A P C I  d i r e c t l y  t o  a 125,000-gal inventory tank f .0 .b.  
KSC. Subsequently, LH2 i s  transferred i n t o  KSC mobile tankers f o r  
transport d i r e c t l y  to  storage spheres a t  C-39, F,ds A and B 
(Appendix 1 1 ) . 
* Government-owned, contractor-operated 
4 
2.12 WTION 12 (34,OOO-GAL RAILCARS) 
Eighteen G o v e m n t - o d  34.000-gal LH2 rai lcars  deliver L b  ftm 
APCI directly to  storage spheres a t  C-39, Pads A and B on an expe- 
dited 9-day round t r i p  schedule (Appendix 12). 
2.13 OPTION 13 (SPECIAL TRAIN - EIGHTEEN 34,ooO-GAL RAILCARS) 
A 6ovemnt-ormed special t ra in  (including engine, caboose, id le r  
cars, and eighteen 34,000-gal ra i lcars)  delivers LH2 fm APCI 
directly to  storage spheres a t  C-39, Pads A and B. Operators for 
the special t ra in  are provided bytherailroad (Appendix 13). 
2.14 OPTION 14 !SPECIAL T R A I N  - THIRTY-S IX  34,000-GAL RAILCARS) 
A Governnent-med special t ra in  (including enoine, caboose, id le r  
c ~ r s ,  and thirtysix 34,000-gal railcars) delivers LH2 frtnn APCI 
directly to  storage spheres a t  C-39, Pads A and B. Operators for 
t h e  special train are provided by the railroad (Appendix 14). 
2.15 OPTION 15 (COMBINED ASSETS - RAILCARS) 
Seven, existing, KSC-owned 13,000-gal mobile tankers combined w i t h  
four, existing, MSA -owned 34,000-gal railcars and six additional 
34,000-gal railcars deliver LH2 from APCI directly t o  storage spheres 
a t  C-39, Pads A and B. Mobile tankers a re  transported by c m o n  
carrier on a 56-hour round t r i p  schedule. Railcars are moved by 
scheduled carr ier  on a 9-day turnaround schedule (Appendix 15). 
2.16 OPTION 16 (COMBINED ASSETS - MOBILE TANKERS) 
Seven, existing, KSC-owned 13,000-gal mobile tankers and four ,  exist- 
ing, NASA-owned 34,000-gal railcars combined w i t h  four additional 
5 
2.17 
19,730-gal Govemnent-wed n o b i l e  tankers d e l i v e r  LH2 from APCI 
d i r e c t l y  t o  storage spheres a t  C-39, Pads A and 8. Tankers are 
transported by comon c a r r i e r  on a %-hour round t r i p  schedule. 
Rai lcars a re  moved by scheduled c a r r i e r  on a 9-day turnaround 
schedule (Appendix 16). 
OTHER OPTIONS 
Other Lb t ranspor tat ion methods were examined, bu t  were not con- 
sidered v iab le  options due t o  excessive cost o r  technical  problems. 
Spec i f i c  options considered and reasons f o r  r e j e c t i o n  fo l low. 
2.17.1 A i r  Delivery. A i r  de l i very  using both f i x e d  and transportable 
cryogenic tanks car r ied  i n  C-SA A i r  Force cargo a i r c r i l f t  o r  i n  
cargo version Boeing 747 a i r c r a f t  was considered. Both a i r  
de l i very  options were re jected because o f  excessively h igh a i r -  
c r a f t  operating costs, t r a f f i c  r e s t r i c t i o n s  on transportable 
tanks, and unacceptably high t rans fer  losses associ 
loading and of f loading f i x e d  aircraf t -mounted cryogenic tanks. 
2d w i t h  on- 
2.17.2 NSTL Barges. Sea de l i very  using the ex i s t i ng  Government-owned 
National Space Technology laboratory (NSTL) barges was considered; 
however, these barges are ne i ther  constructed fo r ,  nor adaptable 
to, open sea t ranspor tat ion try seagoing tug, 
t rave l  would not be cost e f f e c t i v e  due t o  speed r e s t r i c t i o n s  and 
round t r i p  t r a n s i t  time required.. 
In t racoasta l  waterway 
6 
3.0 
3.1 
3.? 
ASSUMPTIONS 
In  preparing t h i s  study, ce r ta in  assumptions r e l a t i v e  t o  LH2 launch 
requirements, methods of del ivery, cost factors, and t ranspor tat ion 
schedules were essential. Najor assumptions used i n  t h i s  study t o  
deternine cost-effectiveness are sumnarized i n  the fo l lowing para- 
graphs. 
LH2 REQUIREMENTS 
KSC LHz requirements f o r  the period mid-1982 through 1991 are assuned 
t o  be 500,000 gal  per launch. Speci f ic  operational requirements upon 
which t h i s  assumption i s  based are indicated below. 
OPERATIOWAL REQJ: CEMENT 
External lank (ET) Loading 
ET Transfer Losses 
ET Boi lof f  (Prelaunch) 
Fuel Cel l  (FC) Loading 
FC Transfer Losses 
OPF* GHz Requirements 
FC GH2 Requirements 
PaC 9 o i l o f f  (A and B) 
Total 
LAUNCH RATE 
LH2 VOLUME (GALL 
381,800 
94,100 
14,900 
593 
1,407 
10 
53 
3,970 
496,033 
This study i s  based on an assumed r a t e  o f  40 STS launches per year 
beginnfig i n  1984 as depicted i n  the 572 f l i g h t  t r a f f i c  model i n  
PCIN** 01268 t o  JSC*** 07700 Level I 1  ProQram D e f i n i t i o n  aod 
Requirements, Volume 111. 
* Orbi t e r  Processing F a c i  1 i ty 
** Program Change I d c n t i  f i c . j t i o n  Fiunber 
*** Johnson Space Center 7 
YEAR LAUNCHES 
1982 ( l a s t  ha l f )  13 
1983 36 
1984 through 1991 4O/Year 
-
3.3 TANKER MILEAGE RATES 
Coarnon c a r r i e r  rates for a new Section 22 ( In te rs ta te  Cmnerce Act) 
Agreement are assumed t o  be the same as tanker mileage rates fm 
APCI t o  KSC under the ex i s t i ng  LH2 contract  (NAS8-31034) ra tes by 
mid-1982. Canmon c a r r i e r  rates have been equivalent o r  higher than 
rates f o r  t ransport ing NASA-owned 13,000-gal LH2 tankers since 
Matlock, Inc. cancelled i t s  contract  w i th  NASA under Section 22 of 
the In te rs ta te  Commerce Act. 
f.0.b. KSC f o r  1982 fol low. 
Contract mileage rates f o r  LH2 tankers 
RATE -DELIVERY OPTION 
APCI Tractor and Mobile Tanker $1 .67/Mi 1 e 
APCI Tractor w i th  KSC-owned 
Mobi 1 e Tanker $1 .12/Mi 1 e 
3.4 SUPPLY 
The maximum volume o f  LHz which can be removed fran A P C I  storage 
f a c i l i t i e s  for loading onto barge, r a i l ,  o r  other t ranspor tat ion 
means a t  one t ime i s  assunled t o  be 500,000 pounds (844,700 gal ) ,  
LH2 regeneration capacity f o r  APCI  i s  assumed t o  be 30 tons 
(100,000 ga l )  per day. 
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3.5 
3.6 
3.7 
3.8 
LH2 SPHERES (PADS 1 AND 8) 
The LH2 spheres a t  Pads A and B are assuned t o  be f i l l e d  t o  
850,000-gal capacity p r i o r  t o  beginning the  STS launch cycle. 
The de l i very  window f o r  resupply o f  LH2 spheres i s  assumed to  
be days 1 through 7 o f  the 9-day launch cyc le f o r  a l l  options. 
COST ESCALATION 
A l l  costs associated w i t h  LH2 t ranspor tat ion are assumed t o  es- 
ca late a t  a uniform ra te  o f  7 percent per year throughout the 
time frame of t h i s  study. Labor costs are based on a 1976 
contract r a t e  o f  $13.00 per hour. 
CONVEYANCE CAPACITIES 
Loading o f  LH2 mobile tankers by APCI i s  assumed t o  be based on 
reduction of gross volume by 6 percent f o r  ullage, plus a 6-per- 
cent water density safety fac to r  as follows. 
GROSS CAPACITY LH2 LOAD 
TYPE CONVEYANCE (GAL) {GAL) APCI 
Mobile Tanker 
Mobile Tanker 
Rai 1 car 
Barge 
i 3,270 
19,700 
36,000 
81 5,000 
11,7r3 
17,600 
31,700 
725,000 
BACKUP SUPPORT 
The 49 APCI owned and operated LH2 mobile tankers are assumed t o  
be capable o f  providing contingency backup support f o r  KSC a f t e r  
mid-1982; however, such support would require rev is ion  o f  the 
MSFC-APCI contract t o  pmvide for t h i s  Contingency. 
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3.9 DECISION TIMETABLE 
Investment costs i n  this study assume t h a t  selection o f  a specific 
LH2 transportation option and determination of contract require- 
ments will be made prior t o  finalization o f  the FY-78 budget. T h i s  
is essential because i n  the normal KSC budgeting cycle, allocation 
of funds must precede contracting actions 5y a t  leas t  1 year and 
must precede f a c i l i t i e s  construction operations by a t  l eas t  2 years. 
3.10 ENVIROMENTAL CONSIDERATIONS 
Environmental considerations are assumed t o  have no significant 
influence on the rail and mobile tanker transportation options 
addressed i n  this study; however, possible special emironmental 
paragraph 5.4. impact on barge transportation is  discussed i n  
3.11 REDUCED LAUNCH FREQUENCY 
The cost-effectiveness of some LH2 transportat 
f icantly affected by STS launch frequency. To 
launch rate sensi t ivi ty ,  an assumed rate o f  20 launches per 
Derivation of estimated costs for  each used i n  this study. 
a t  the reduced launch frequency is discussed i n  Appendices 
16. 
on options are  signi- 
assess STS reduced 
year was 
option 
through 
3.12 APCI-KSC TRAVEL TIME 
The assumed travel time, including loading time a t  APCI f a c i l i t i e s  
and offloading time a t  KSC, f o r  each LH2 transportation mode addressed 
i n  this study follows. Times a r e  based on 24-hour day delivery 
schedules . 
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TRANSPORTAT ION 
Mobile Tankers 
Rai 1 cars 
Special Train 
Speci a1 Train 
Barge 
3.13 OFFLOADING SUPPORT PERSONNEL 
ROUNO TRIP 
56.0 tiours 
9.0 Days 
4.5 Days (18 Rai lcars) 
6.5 Days (36 Rai lcars) 
12.0 Days 
No special Security o r  Qual i t y  Assurance personnel are assumed t o  
be required fo r  LH2 of f loading operations as was done under the 
Apollo program. The Q u a l i t y  Assurance function w i l l  be performed 
by the Vehicle Operations (VO)  Lead Technician and secur i ty  w i l l  
be provided by Safety and other  VO personnel required a t  the o f f -  
loading s i te .  
3.14 SHUTTLE OPERATIONAL TURNAROUND ANALVSIS REPORT (STAR) 
Current STAR timetables ind ica te  LHz sphere r e f i l l  w i t h i n  a 160-hour 
turnaround by waves of four LH2 13,000-gal mobile tankers i m d i a t e l y  
fo l lowing each STS launch. As the large volume barge makes only  
30 LH2 del iver ies and the special 36-ra i lcar  t r a i n  makes only 20 
LH2 del iver ies fo r  each 40 STS launches per year, i t  i s  assumed tha t  
adoption of the barge or special t r a i n  opt ions would require rev is ion  
o f  the STAR timetable. However, these options should not delay 
scheduled STS launches and, w i t h  the exception o f  hypergolic o?er- 
at ions, should not  a f f e c t  normal pad a c t i v l t i e s .  No constraints 
on Pad access f o r  LH2 del ivery  are indicated i n  STAR timetables. 
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4.0 DISCUSSION 
4.1 GENERAL 
'n assessing the ei fect iveness of each LH2 t ranspor tat ion option, 
overall cost i s  the governing consideration. The cost s e n s i t i v i t y  
o f  LH2 t ransportat ion i s  c l e a r l y  i l l u s t r a t e d  by the f a c t  t h a t  fo r  
standard 13,000-gal mobile tankers, a saving o f  $0.01 per m i l e  i n  
1982 will  equate t o  $500,000 by 1991. As overa l l  cost  depicted i n  
t h i s  study includes investment, operating , maintenance , o f f  loading, 
and t ransfer /e f f is iency losses, a b r i e f  descr ip t ion o f  the methods 
by which each o f  these costs were der ived fol lows. 
4.1.1 Investment Cost. Inve,tment ccst  included i n  t h i s  study cons s t s  o f  
equipment procurement and f a c i l i t i e s  construct ion requiremen s f o r  
each t ranspor tat ion option. To the extent possible, investment costs 
were derived i n  accordance w i t h  NASA Management I n s t r u c t i o n  7330.a. 
A l l  f a c i l i t i e s  and construct ion costs were derived by applying the 
fol lowing formula: 
Budget Estimate = E (l+C)(l+F)(l+G) 
E = Engineering Estimate (mid-1977) 
C = Contingency Tactor o f  15 Percent 
F = The cost-use factor based oil 7 percent per y e a r  compounded 
annually f r o m  mid-1977 t o  the midpoint o f  construction.* 
G = Outside agency administrat ion c o s t  f a c t o r  o f  10 percent 
f o r  contract supervision and inspection. 
* MiJ-1981 was used as the average construction midpoint. 
4.1.2 
4.1.3 
Addit ive t o  the foregoing costs i s  the NASA design cos t  o f  6 per- 
cent t o  al low f o r  preparation o f  speci f icat ions,  drawings * envi - 
r o m n t a l  assessments and b i d  packages. 
Equipment costs addressed i n  the investment sect ion o f  each trans- 
por ta t ion  opt ion were derived by considering informal estimates 
provided by indust ry  ds vendor estimates. Budget estimates were 
then derived from vendor estimates by applying a 7-percent-per- 
year escalat ion f a c t o r  plus a 10-percent cost adjustment factor.  
Opera t i nq Cos L Operating cost i n  t h i s  study includes f o u r  
categories o f  special  charges other than operator personnel 
costs. 
f o r  seagoing or in land waterway tugs. 
charges; switching charges; and, for  special t ra ins ,  crew and fuel 
costs. 
charges plus monthly lease charges f o r  procuring replacement equip- 
ment whi le  mobile tanker costs using camnon c a r r i e r  de l i very  include 
only f i x e d  r a t e  mileage charjes based upon establ ished contract  
agreements. 
Barge operating cost includes the lease o r  charter ra tes 
Rai lcar  costs include f r e i g h t  
Mobile tanker costs using GSA* tractor’s include mileage 
b e i v t e m  Cost, M a i n t e n m e  c o s t  included i n  t h i s  study includes 
preventive and correc t ive  maintenance, cleaning and l u b r i c a t i n g  
mater ia ls,  c o r r o s i m  control , cryogenic refurbishment and any other  
specia1i:ed r e p a i r  required t o  maintain LH: t ranspor tat ion equipment 
i n  sa t is fac to ry  operating condi t ion.  
perience factors with e x i s t i n g  equipment were used t o  e s t i m a t e  
To the extent possible, ex- 
.+ Government Services Administration 
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maintenance cost. For exmple, actual APCI  maintenance cost data 
f o r  LH2 mobile tarlkers are avai lable and l i m i t e d  maintenance data 
are avai lab le from Linde for 34,000-gal r a i l c a r s  w i t h  superinsula- 
t i on ,  Maintenance data f o r  YFNB barge operations, however, are 
based so le ly  on i n d u s t r i a l  source (shipyard) estimates f o r  s i m i l a r  
type equipment and NSTL experience wi th the smaller LH2 barges. 
4.1.4 Offloading Cost. Off loading cost included i n  t h i s  study i s  based 
on personnel requirements t o  perform Fi re ,  Safety, Security, and 
special ized operator functions associated w i th  t ransferr ing LH2 
from a spec i f i c  type tanker t o  an inventory o r  pad storage sphere 
a t  KSC. The guidance used i n  determining o f f load ing  requirements 
was LS-ENG-2 memorandun dated December 19, 1975, Subject: Shut t le  
Operating Plans and Interfaces. Special ized o f f load ing  functions 
other than F i r e ,  Security, and Safety include pos i t ion ing o f  LH2 
tankers, connecting hoses t o  of f loading manifolds, purging o f f load-  
i n g  l i n e s  and hoses, pressurizing the o f f load ing  tanker, t ransfer  o f  
LH2 t o  the storage/hoiding sphere, venting, purging the manifold 
1 ines, and disconnecting the t ransfer  hoses. 
are provided f o r  o f f loading as t h i s  funct ion w i l l  be performed by 
ons i te  VO and Safety personnel. The q u a l i t y  Assilrance funct ion w i l l  
be performed by the lead VO technician present f o r  o f f loading 
operations. 
No Security personnel 
4.1 5 Transfer/Eff iciency Cost .  The t ransfer /e f f ic iency cost included i n  
t h i s  study consists of pressur izat ion loss incurred during LH2 
tanker off loading, chi1 ldovn loss  encountered i n  reducing storage 
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tank temperatures below -423" Fahrenheit, heat leak t r v s f e r ,  
l i n e  loss (residual),  and LH2 b o i l o f f  (heat gain) loss incurred 
enroute between A P C I  and KSC. Transfer/eff iciency losses are 
based on an average cost o f  $1.28 per pound during the per iod 
1982 through 1991 a t  the launch r a t e  deta i led i n  paragraph 3.2. 
A tabular sumnary of estimated t ransfer /e f f ic iency losses for a l l  
options i n  t h i s  study i s  presented i n  Appendix 17. 
4.1.6 Comparison o f  Options. A cost comparison o f  estimated in;#estment, 
operating, maintenance, off loading , and transfer, 
for  each of the 16 options addressed i n  t h i s  stud) 
i n  Tables 1 and 2. Table 1 i s  based on 40 launches per j;Er. 
A graphical comparison o f  the r e l a t i v e  cost-effectiveliess o f  each 
pr inc ipa l  mode o f  t ransportat ion i s  presented i n  Tables 3 and 4 
and a decision t i m e  tab le ind ica t ing  dates by which t ransportat ion 
options must be selected and implemented i s  presented ;'n Table 5. 
.iency costs 
, resented 
A sumnary of the r e l a t i v e  advantages and disadvantages o f  each o f  
the t ransportat ion methods and options used i n  t h i s  study i s  pre- 
se:,ted i n  the fo l lowing paragraphs. I n  each case, the most cost 
e f f e c t i v e  opt ion of  each method (best barge option, best r a i l c a r  
opt ion,  best mobile tanker option, etc.)  i s  determined and the 
r e l a t i v e  advantages and disadvantages o f  each mode o f  transporta- 
t i o n  are then compared. 
4.2 BARGE OPTIONS 
Option 1 (Barge t o  Pads A and B) i s  the most cost e f f e c t i v e  
barge opt ion a t  launch frequencies o f  25 per year o r  greater. 
Although i n i t i a l  investment cost f o r  Option 1 i s  greater, the 
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LH2 TRANSPORTATION OPTIONS 
1. 
2. BARGE W I T H  RAILCAR 
3. BARGE W I T H  PIPELINE 
4. BARGE W I T H  IANKERS 
5. BARGE W I T H  irtVENTORY TANK 
BARE TO PADS A ATlD B 
6. 13,000-GAL TANKER - 
C O W N  CARRIER 
7. 13,0004AL TATlKER - 
GOCO TRACTOR 
0. 
9. 
10. 
11 . 
12. 
13. 
14. 
15. 
16. 
19,700-GAL TANKER - 
COMMON CARRIER 
19,700-GAL TANKER - 
doc0 TRACTOR 
13,000-GAL TANKER - 
F.O.B. PADS 
13,000-GAL TANKER - 
F.O.B. INVENTORY TANK 
34,000-GAL IWI LCARS 
SPECIAL TRAIN (18-CAR) 
SPECIAL TRAIN (36-CAR) 
COMSINED ASSETS-MI LCARS 
COKBINED ASSETS-TANKERS 
- 
c 
P c
E 
E 
26,600 
19 ,OGO 
33,000 
19,400 
24,800 
5 ,300 
6,500 
9,400 
10,100 
- 
L 
3,900 
13,500 
14,400 
22,900 
7,800 
3,700 
3- 
GOVERNMENT COSTS ( X  $1,000) 
v) 
t 
2 
5 
w e 
0 
22,800 
22,900' 
22,900 
23,400 
23,300 
39,500 
36,800 
26,600 
24,800 
57,900 
60,400 
29,200 
33,200 
24,400 
32,700 
32,100 - 
w z 
s 
3 
k 
2,600 
2,800 
2,900 
3,300 
3,600 
2,90C 
2,900 
2,100 
2,100 
- 
1,000 
1,100 
1,200 
2,200 
2,100 
2,400 
400 
2,800 
5,000 
3,300 
14,500 
17,600 
22,300 
14,000 
3,300 114,000 
3,500 
3,500 
2,300 
9,400 
1,600 
1,600 
3,200 
1,500 
3,000 
13,800 
13,800 
14,000 
22,300 
13,000 
11,700 
12,200 
13,300 
13,600 -- 
a E 
62,700 
64,000 
73,700 
66,500 
79,000 
55,000 
63,500 
55,400 
54,300 
76,300 
97,500 
58,400 
62,100 
64,900 
57,400 
54, aoo -
TABLE 1 
LH2 TRANSPORTATION COSTS 
(40 LAUNCHES PER YEAR) 
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TRAWSPORTATION OPTIONS 
* 
V 
W W  
Ln m o  
a= 
3E 
C W  
7,m 
11,200 
9,600 
15,900 
15,900 
7 
7 ,Ooo 
6,900 
6.900 
7 ,m 
11,700 
6,600 
5,800 
6,600 
6,700 
6,700 - 
1. B A R G E T O P A D S A A N D B  
2. WWE UITH RAILCAR 
3. WE L l H  PIPELINE 
4. BARGE W I T H  TANKERS 
5, ME UITH INVENTORY TANK 
60 13,000-6CIL TANKER 0 
amnaC CARRIER 
7. 13,OOO-GAL TANKER - 
6ao TRACTOR 
8. 19,700-6AL TANKE9 - 
COmoN CARRIER 
19,700-GAL TANKER - 
6oco TRACTOR 
13,000-GAL TANKER - 
F.O.B. PADS 
13,OOO-GAL TANKER - 
F.O.B. INVENTORY TANK 
39,000-GAL RAILCARS 
SPECIAL TRAIN (18-CAR) 
SPECIAL TRAIN (36-CAR) 
COMBINED ASSETS - RAILCARS 
C'MINED ASSETS - TANKERS 
- 
5 C 
P z 
CI. 
- 
26,600 
19 ,Ooo 
u,m 
19,400 
24,900 
300 
800 
5 
4,700 
0- 
3,900 
4,100 
14,400 
22,900 
-- 
3,730 - .I 
BOVTIUMMT OGSTS ( X  $1 ,OOO) 
v) 
I 
0 
n c s z 
11,400 
11,400, 
11,400 
11*600 
11,600 
19 ,m 
18,400 
13,300 
12 ,4OG 
28,900 
30,400 
14,600 
16,600 
12,200 
16,800 
16,000 
W 
!i! 
E w 
t 
9 
2,600 
2,800 
2,900 
3,300 
3,600 
1,100 
1,100 
1,000 
1,000 
-- 
1,000 
600 
1,290 
2,200 
1,700 
? ,900 
a z 
CI 
U 
I L  
8& 
0 
w 
E: 
200 
900 
200 
1,400 
2,500 
1,600 
1,600 
1,800 
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1,200 
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800 
800 
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1,200 
1,500 
a s e 
18,- 
45,360 
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51,600 
58,500 
29,800 
28,900 
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26,400 
29,900 
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increase i n  transfer/efficiency losses which result from double 
offloading o f  LH2 into rai lcars ,  mobile tankers, inventory tanksI 
and long pipelines, makes other barge options (2 through 5) margin- 
a l ly  effective. However, non2 of the barge options are  cost 
effective when compared w i t h  most other options due t o  h igh  invest- 
ment costs. For example, Option 1 i s  seventh most cost effective 
when compared w i t h  other options a t  40 launches per year; and, f o r  
the f irst  260 STS launches (mid-1989) even APCI  delivery f.0.b. 
destination is  more cost effective than the best barge option. A t  
launch frequencies less u a n  20 per year, i n i t i a l  investment costs 
become the dominant barge factor and Option 2 (Barge/Railcar Com- 
bination) becomes most cost effective o f  the barge options. A 
summary of advantages and disadvantages of the barge options follow. 
4.2.1 Advantages. Barge transportation i s  most economical of a l l  modes 
of transportation i n  terms of operating and offloading costs. 
Barge trimsportation i s  compatible w i t h  existing APCI f a c i l i t i e s  
and would require l i t t l e  additional construction investment i n  New 
Orleans. 
The open sea route traversed by barge from New Orleans to  KSC 
minimizes the LH2 hazard to  populate+ areas i n  the event of 
catastrophic accident. 
Pad access time i s  minimized by barge delivery; and potential 
interference w i t h  hypergol, l i q u i d  oxygen (LOz),  or other sensi- 
t ive STS operations i s  greatly reduced, 
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Personnel and administrat ive requirements (scheduling, dispatch, 
etc.) are minimal f o r  both APCI and KSC operations. 
4.2.2 Disadvantages. The large i n i t i a l  investment requirement precludes 
incremental investment a t  a r a t e  consistent w i th  reduced launch 
frequencies . 
Extensive canal dredging and construct ion o f  barge o f f load ing  
f a c i l i t i e s  must be accomplished a t  KSC t o  provide access t o  LHz 
storage dewars a t  Pads A and B. 
Envimmenta l  Protect ion Agency (EPA) impact inves t iga t ion  and 
consent i s  required for dredging o f  canals p r i o r  t o  implemen- 
option. t a t i o n  o f  t h i  
The barge opt 
w i t h  e a r l i e s t  
on requires the longest construct ion lead t ime 
commitment o f  funds and l e a s t  program experience 
p r i o r  t o  comnitment o f  funds. 
Barge transportat ion i s  most sens i t ive t o  accident w i t h  no backup 
avai lable i n  the event o f  major damage o r  delay. 
Barge transportat ion i s  mos t  vulnerable t o  severe weather as 20- 
foo t  seas can adversely a f f e c t  barge tow cable operations. 
Slow turr.around (12 days) l i m i t s  round t r i p s  t o  30 per year maximum 
and precludes supporting STS operations a t  ra tes greater than 40 
launches per year. 
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A t  lower launch frequencies (20 per year), excessive investment 
costs make barge operations noncampeti t i v e  wi th other methods o f  
LH2 t rans porta t ion. 
4.3 13,M)O-GAI. MOBILE TANKER OPTIONS 
L H 2  del ivery  using KSC-owned 13,000-gal mobile tankers transported 
by GSA Govement-owned, contractor-operated trucks (Option 7) i s  
the most cost e f f e c t i v e  
However, t h i s  opt ion i s  only e ighth most cost  e f f e c t i v e  when com- 
pared w i t h  other  options a t  40 STS launches per year. The can- 
para t ive ly  sniall capacity o f  these mobile tankers and the large 
number o f  de l i ver ies  required t o  support each STS launch am? kty 
factors. 
mobile tanker, the 48 mobile tanker loads required f o r  each STS 
launch r e s u l t  i n  excessively high operating costs. 
due t o  i n i t i a l  investment, LH: de l ivery  by t h i s  opt ion i s  more 
expensive than APCI  de l ivery  f.0.h. dest inat ion for the f i r s t  
160 STS launches (end 1986). 
per year or less. the wduct ion i n  inajGr investment cost f o r  
13.00U-qal niohile tankers niakes t h i s  opt ion second most cost ef- 
f e c t i v e  when compared w i t h  hdrge, r a i l c a r ,  and other mobile tanker 
options. 
LH2 mobile tnnher options f o l  laws. 
' the 13,000-gal mobile tanker options. 
A t  $1500 per round t r i p  de l ivery  f o r  one 13,000-gal 
For example, 
For decreased launch rates o f  20 
A sunriiary o f  advantages dnd disadvantages o f  13,000-gal 
4.3.1 Advantaqes. -- LH: t r ans t~o r t ,~ t i o i i  by 13,000-gal i i iobile tanker o f f e r s  
niaxiniutii possi b i  1 i t y  f o r  incroiiiental investnient, and the number o f  
niohile t a n h w s  required cdn bt? t a i l o r e d  t o  actual launch rates 
achi eved. 
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I n i t i a l  investment cost  f o r  s u f f i c i e n t  13,000-gal mobile LH2 
tankers t o  support STS operations are lower than f o r  comparable 
barge or r a i  1 car equi p e n t .  
The 13,000-gal LH2 mobile tanker i s  a standard, proven design 
and no addi t ional  investment costs for onloading f a c i l i t i e s  a t  
APCI o r  of f loading f a c i l i t i e s  a t  KSC are required. 
LH2 del ivery  by 13,000-gal mobile tanker i s  h igh ly  v e r s a t i l e  and 
* l iab le ,  and the impact o f  a s ing le catastrophic accident i s  
m i  nimi zed. 
4.3.2 Disadvantages. The comparatively small volume o f  LH? transported 
by each mobile tanker resu l ts  i n  a higher cost  per pound-of- 
product-del ivered than a1 1 other  options. 
Speci a1 Department o f  Transportat ion (DOT) p e m i  t s  and exemptions 
are present ly required f o r  i n t e r s t a t e  de l i very  o f  LH2 by t h i s  
method. Risk o f  catastrophic accident and i n t r a n s i t  hazard t o  
populated areas are s i g n i f i c a n t l y  greater due t o  the number o f  
round t r i p s  required (1,920 per year). 
LH2 resupply requires constant access (days 1 through 7 fo l lowing 
launch) t o  the storage spheres a t  Pads A end B, which could impact 
hypergol, L02, o r  o ther  STS operations. 
Maintenance and of f loading costs f o r  the 13,000-gal mobile tankers 
are s i g n i f i c a n t l y  higher than f o r  o ther  methods o f  t ransportat ion.  
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Maintenance and off loading costs f o r  the 13,000-gal mobile tankers 
are s i g n i f i c a n t l y  higher than f o r  o ther  cethods o f  transportation. 
This method i s  more vulnerable t o  increases i n  fue l  costs than other  
t ransportat ion options (Appendix 18) and consumes 4.3 m i l l i o n  more 
gal lons o f  d iesel  fue l  than a special t r a i n  carry ing the same volume 
o f  LH2. I t  i s  also more vulnerable and sensi t ive t o  s t r i k e s  and 
labor disrupt ions e i t h e r  by KSC o r  c o m n  c a r r i e r  employees than 
other  options. 
4.4 19,700-GAL MOBILE TANKER OPTIONS 
LH2 del ivery by KSC-owned 19,700-gal mobile tankers transported by 
GSA Government-owned, contractor-operated t rac to rs  i s  most cost  
e f f e c t i v e  o f  a l l  t ransportat ion options. I n  addi t ion,  t h i s  method 
i s  second most cost e f f e c t i v e  i n  terms o f  overa l l  cost  a t  launch 
frequencies less than 40 per year. 
t h i s  opt ion becomes more cost e f fect ive than APCI de l ivery  f.0.b. 
dest inat ion only a f t e r  130 STS launches (end 1985). Although mobile 
tanker cost-effectiveness i s  d i r e c t l y  proport ional t o  tanker volume, 
19,700 gal represents the maximum volume possible without bu i ld ing  
oversized tankers. Oversized tankers would require special permits, 
w i t h  possible r e s t r i c t i o n  t o  day l ight  hour t ravel ,  and escort  re- 
quired i n  some states. As F lor ida and Mississippi  ind icate only 
60-day permits would be issued f o r  oversize tankers, increased volume 
was not considered feasible.  A sumnary o f  advantages and disadvantages 
of 19,700-gal mc’lile tankers fo1:ows. 
Due t o  i n i t i a l  investment costs, 
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4.4.1 Advantaqes. LH2 t ransportat ion by 19,700-gal mobile tanker of fers 
maximun p o s s i b i l i t y  for incremental investment as the number of 
tankers required can be t a i l o r e d  t o  actual launch rates. 
I n i t i a l  investment costs are moderate and are s i g n i f i c a n t l y  lower 
than costs f o r  comparable barge and r a i l c a r  equipment. 
tH2 del ivery  by 19,700-gal mobile tanker i s  h igh ly  v e r s a t i l e  and 
r e l i a b l e  and the impact o f  a s ing le  catastrophic accident i s  
minimized. 
The 19,700-gal mobile tankers would be compatible wi th KSC and APCI 
onloading and of f loading f a c i l i t i e s  and no new construct ion would 
be required. 
Operating costs fo r  19,700-gal mobile tankers are lower than any 
other  m e t b  per pound-of-product-del ivered a t  decreased launch 
frequencies of approximately 20 per year. 
4.4.2 Disadvantages. The 19,700-gal mobile LH2 tanker i s  a new concept 
and would require design time and DOT appruval and exemptions p r i o r  
t o  production and use by KSC. Rectangular design technology would 
probably be required. 
Risk o f  catastrophic accident and t r a n s i t  hazard t o  populated areas 
are high due t o  the number o f  round t r i p s  required (1,280 per year). 
LH2 resupply requires constant access (days 1 through 7 fo l lowing 
launch) t o  the storage spheres a t  Pads A and B, which could impact 
hypergol, L02, o r  other STS operations. 
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This method i s  h igh ly  vulnerable t o  increases i n  f u e l  cost and, 
dur ing the per iod 1982 through 1991, consumes 3 m i l l i o n  gal  more 
diesel  f ue l  than a special t r a i n  t ransport ing an equal volune of 
LHz. 
This method i s  h igh ly  vulnerable and sensi t fve t o  s t r i k e s  and labor  
disrupt ions e i t h e r  by KSC o r  c m o n  c a r r i e r  employees. 
4.5 APCI  DELIVERY F.O.B. DESTINATION 
APCI  de l ivery  o f  LHz, f.0.b. Fads A and B, using APCI-owned and 
APCI-operated 13,000-gal LH2 mobile tankers i s  the l e a s t  cost 
e f f e c t i v e  o f  a l l  options. 
inventory tank f o r  f u r t h e r  t ransfer  t o  storage tanks a t  Pads A 
and B i s  p r o h i b i t i v e l y  expensive due t o  almost doubled o f f load ina  
and LHz t ransfer  costs. A comparison o f  de l ivery  costs between 
APCI  del ivery, f.0.b. Pads A and B, indicates t h a t  APCI's charge 
using 13,000-gal mobile tankers i s  approximately 20 percent 
greater than KSC's cost using ident ica l  methods o f  del ivery.  
probably represents the margin f o r  APCI p r o f i t  2nd amort izat ion 
o f  the f lee t  cost f o r  26 mobile tankers. 
by providing the seven KSC-owned 13,000-gal mobile tankers t o  
APCJ fo r  de l iver ies t o  KSC, operating costs f o r  t h i s  opt ion could 
be reduced approximately $6 m i l l i o n  by 1991 (see Daragraph 3.0, 
Appendix 10). Advantages and disadvantages o f  A P C I  de l i very  f.0.b. 
dest inat ion (Option 10) f o l l o w .  
I n  par t i cu la r ,  A P C I  de l i very  t o  a KSC 
This 
It should be noted that,  
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4.5.1 Advantaqes. In i t ia l  investment and maintenance costs are entirely 
eliminated as a l l  equipment associated with th i s  method is  APCI- 
owned and APCI-operated. 
No major additional f a c i l i t i e s  or construction a t  e i ther  KSC or 
APCI are required to  support th i s  option. 
The risk o f  catastropt,ic accident and hazards t o  populated areas 
enroute i s  t h 2  problem and responsibility of APCI. 
LQ delivery by mobile tanker i s  highly versat i le  and reliable and 
the impact of a single catastrophic accident i s  minimized, 
4.5.2 - Disadvantaqes. The operating costs for  th i s  option are the highest 
and would total  a t  least  $15 million more than barge, ra i lcar ,  or 
19,700-gal mobile tanker operations for  the period 1982 through 
1991 i f  40 launches pew year are realized. 
LH2 resupply requires constant access (days 1 through 7 following 
launch) t o  the storage spheres a t  Pads A and B ,  which could impact 
hypergol, LO2, or other STS operations. Any delays could result  
in major cost increases f o r  demurrage. 
This method i s  most vulnerable and sensitive t o  s t r ikes  and labor 
disruptions by contractor personnel a t  KSC as APCI drivers will 
not cross picket l inr . - .  
4.6 R A I L C A R / S P E C I A L  TRAIN OPTIONS 
Rai lcar  delivery by scheduled carrier ( O p t i o n  1 2 )  using 18 railcars 
on a 9-day schedule i s  most cos t  effective o f  the three railcar,’ 
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special t r a i n  options. However, t h i s  opt ion i s  only f i f t h  most 
cost e f f e c t i v e  when compared w i th  other options a t  a r a t e  of 40 
STS launches per year. Rai lcar  cost-effect iveness i s  reduced by 
the high i n i t i a l  investment cost  for  r a i l c a r s  and because o f  major 
t rack modifications/extensions required a t  both KSC and APCI. 
Special t r a i n  cost-effect iveness was f u r t h e r  reduced by the high 
r a t e  quoted by F lo r ida  East Coast (FEC) Rai l road for  the KSC 
special t r a i n  options. The FEC r a t e  resul ted i n  excessively high 
round t r i p  operating costs. 
dependent upon the nurnbw o f  r a i l c a r s  i n  the t ra in ,  the short  (18 
car o r  less)  t r a i n s  a r e  not cast e f fec t i ve .  F o r  example, r a i l c a r  
de l ivery  costs are less cost e f f e c t i v e  than APCI del ivery  f.0.b. 
KSC the f i r s t  210 STS launches (end 1987). A sumnary o f  advantages 
and disadvantages o f  r a i l c a r  and special t r a i n  LH2 t ransportat ion 
f o l  lows. 
’\ 
As nil de l ivery  e f f i c iency  i s  d i r e c t l y  
4.6.1 Advantages. Rai lcar  opt i -ns permit i n c r e m n t a l  investment a t  ra tes 
which are consistent w i t h  and proport ional  t o  scheduled STS launch 
frequencies . 
LH2 r a i l c a r s  are o f  standard, proven design and no special permits 
o r  transporta,ion exemptions are required f o r  movement i n  i n t e r -  
s ta te  commerce. 
LH2 ra i l cars  have large capacit ies and o f f e r  reduced transportat ion 
cost per pound-of-product-del i vered over most other methods when 
t ra ins  o f  30 r a i l c a r s  o r  more a re  used. 
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Rdi lcar  LH2 resupply ca,? he accomplished i n  shorter t ime and i s  
s u f f i c i e n t l y  f lexib ' i r  t o  support launch frequencies mJch greater 
than 40 per year. 
Special t r a i n s  would use approximately 4.3 m i l l i o n  gal  less d iesel  
f ue l  than t ruck t ranspcrtat ian optfons during the time frame 1982 
through 1991. 
4.6.2 ww. Investment costs f o r  raildzars and special t r a i n  
options are high, making special t r a i n s  marginal ly cost e f f e c t i v e  
a t  reduced launch rates. 
Major addi t ional  investment f o r  extension and mod i f i ca t ion  o f  
tracks and i a c i l i t f e s  a t  APCI i n  New Orleans i s  reauired t o  support 
r a i  1 car  and speci a1 traS n operations. 
Major addi t ional  invrestrnent f o r  extension o f  tracks and rna.Sfications 
o f  o f f load ing  f a  i l i t i e s  a t  KSC are required tr support r a i l c a r  
operat i ons . 
Railcar t ransportat ion poses a r e l a t i v e l y  h ,gh LH2 hazard t!? +,opu- 
l a ted  areas i n  the event o f  catastrophic accident. 
4 .7  COMBINED ASSETS OPTIONS 
LH2 de l ivery  using combinations o f  ex i s t i ng  KSC-Lumed, 13,000-gal 
mobile tankers and NASA-owned, 34,000-gal r a i l c a r s  i n  combiEation 
w i th  19,700-gal mobile tanksrs or addi t ional  34,000-gal r a i l c a r s  
i s  second most cost e f f e c t i v e  o f  a l l  LH2 de l ivery  methods. 
16 i s  most  cos: e f fec t i ve  a t  40 STS launches per year o r  greater 
Option 
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whi le  Option 15 i s  the most cost -ef fect ive de l i very  method f o r  
20 STS launches o r  less. The low i n i t i a l  investment f o r  equip- 
ment and f a c i l i t i e s  plus the  a b i l i t y  t o  procure equipment incre-  
mental ly i n  accordance with actual STS launch rates achieved 
makes these options p a r t i c u l a r l y  a t t r a c t i v e  and e f f e c t  Ive. Over- 
a l l  cost-effectiveness i s  f u r t h e r  emphasized by the  f a c t  t h a t  
a f t e r  only 80 launches ( l a t e  i984), t o t a l  costs f o r  Option 16 are 
less than APCI de l ivery  f.0.b. destination. A surmary o f  major 
advantages and disadvantages of t he  combined asset options follows. 
4.7.1 Advantages. This method optimizes the use o f  e x i s t i n g  equipment 
and o f fe rs  maximum p o s s i b i l i t y  f o r  incremental investment as the 
nllmber o f  tankers required can be t a i l o r e d  t o  actual launch rates. 
I n i t i a l  investment costs are s i g n i f i c a n t l y  lower than for comparable 
barge, ra i l car ,  and even the all-19,700-gal mobile tanker opt ion 
equi pmen t. 
L H ~  del ivery  by mobile tanker and r a i l c a r  i s  h igh ly  ve rsa t i l e  and 
r e l i a b l e  and the impact o f  a s ing le  catastrophic accident i s  
m i  n i  m i  zed. 
The mobile tankers and r a i l c a r s  are compatible w i th  KSC and APCI 
onloading and of f loading f a c i l i t i e s  and l i t t l e  new construction 
would be required. 
Operating costs fo r  the combined mobile tankers and r a i l c a r s  are 
lower than f o r  any other method per pound-of-product-del ivered a t  
decreased launch frequencies o f  approximately 20 per year. 
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4.7.2 Disadvantages. The 19,700-gal mobile LH2 tanker i s  a new concept 
and would requi re design time and DOT approval and exemptions 
p r i o r  t o  production and use by KSC. Rectangular design technology 
would probably be required. 
5.0 
5.1 
5.2 
Risk of catastrophic accident and t r a n s i t  hazard t o  populated areas 
i s  increased due t o  the number o f  round t r iw  reauired. 
PROBLEMS AND ISSUES 
I n  assessing the cost-effectiveness o f  the t ranspor tat ion options 
addressed i n  t h i s  study, ce r ta in  unresolved issues and po ten t ia l  
problem areas which could s i g n i f i c a n t l y  a f f e c t  the se lect ion o f  
fu tu re  LH2 t ranspor tat ion methods became apparent. 
o f  these issues and po ten t ia l  problem areas fol lows. 
A sumnary 
APCI F . O . B .  DESTINATION RATES 
The APCI rates f o r  LH2 t ranspor tat ion f.0.b. dest inat ion speci f ied 
i n  contract NAS8-31034 include charges f o r  amort izat ion o f  the 
A P C I  mobile tanker and truck del ivery  f l e e t .  I n  theory, amorti- 
zat ion o f  the APCI f l e e t  de l i ver ing  LH2 t o  Eas t  Coast Government 
users should be completed by mid-1982 when the ex i s t i ng  negotiated 
contract  rates expire. It would appear tha t ,  a f t e r  the APCI  mobile 
tanker f l e e t  has been amortized, a lower t ransportat ion ra te  should 
be negotiated by MSFC f o r  fu tu re  de l ivery  o f  LH2. 
NASA LH2 RAILCARS 
Four NASA-owned 34,000-gal LH2 r a i l  cars are present ly located a t  
Lewis Research Center. As STS requirements f o r  LH2 increase a t  
KSC, a need fo r  these r a i l c a r s  to  augment the ex i s t i ng  KSC mobile 
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tanker f l e e t  w i l l  develop. 
special t r a i n  options f o r  LH2 t ransportat ion be selected, ava i l -  
a b i l i t y  of these four r a i l c a r s  could save $1.57 m i l l i o n  i n  addi- 
t ional  Government equipment investment costs. As these r a i l c a r s  
are not  being used by Lewis Research Center, the p o s s i b i l i t y  o f  
obtaining them f o r  KSC use should be examined. 
I n  abbition, should the r a i l c a r  o r  
5.3 DOT EXEMPTIONS 
DOT cur ren t ly  lacks a spec i f i ca t ion  f o r  the design and construct ion 
o f  LH2 semi t ra i le r  tankers, however, DOT Speci f icat ion P?C-341 on 
t h i s  subject i s  pending approval/publ icat ion.  The mechanism f o r  
DOT approval and control  o f  LH? t r a i l e r -  design i s  the issuance o f  
special  perniits which define o r i g i n a l  design and modif icat ion.  The 
perniits a r e  renewed every other  year upon review o f  c e r t a i n  records 
by @OT inc lud ing modif icat ion,  repairs, etc. The NASA Transportat ion 
Branch i s  responsible f o r  t tw renewal o f  special pennits for  KSC. 
As any changes i n  design speci f icat ions could s i g n i f i c a n t l y  a f f e c t  
e x i s t i n g  13.00O-ga1 a n d  proposed 19,700-gal KSC I.Hz niobile tankers, 
the DOT exemption pol i c y  should be c losely  nioni tored. 
5.4 ENV I RONMENTAL IMPACT 
Iniplenlentation o f  the bdn..c apt ion f o r  I H;I t ransportat ion w i l l  re- 
qu i re  extensive dredgin!i t o  provide aGcquate canal access t o  Pads 
A and R. 
ind icate that  study and approval o f  t h i s  concept try the U. S. A m y  
Corps o f  Engineers and the EPA would be required p r i o r  t o  i n i t i a t i o n  
o f  any act ion t o  widen or deepen the ex is t ing  waterway or t o  dredge 
KSC I k s i g n  Cwit ieer ing ( @ E )  arid KSC Transportation Services 
a new barge canal. An unfavorable environmental impact assessment 
could adversely a f f e c t  the proposed barge opt ion and w i l l  d e f i n i t e l y  
Increase lead time f o r  f a c i l i t y  construction. 
5.5 RAILCAR SCHEDULES 
Representatives o f  three r a i l  roads operating between KSC and the 
APCI f a c i l i t y  i n  New Orleans have s tated t h a t  a special 9-day 
round t r i p  schedule fo r  KSC LH2 r a i l c a r s  i s  feasible. KSC Trans- 
po r ta t i on  Services s tates t h a t  if the switching o f  LH2 r a i l c a r s  t o  
wa i t ing  t ra ins  by scheduled r a i l  ca r r i e rs  a t  t h e i r  respect ive i n t e r -  
face points  can be expedited, the 9-day schedule can be achieved. 
P r i o r  t o  implementing the r a i  1 car concept, penalty contract  assurmx 
o f  expedited r a i l c a r  movement should be sought from each r a i l r o a d  
concerned t o  preclude delayed hand1 ing  and de l i very .  
5.6 PARGE SCHEDULING 
Under idea l  conditions, the barge oot ion requires a 12-day round 
t r i p  t rave l  time, This schedule i s  not compatible w i th  STAR and 
permits a maximum o f  30-round-trip L f 9  de l i ve r ies  per year t o  support 
40 STS launches w i th  a 5-day maintenance stand-down time and no 
weather delay. 
seas and the average storm in the Gulf area i s  o f  3-day duration, the 
p o s s i b i l i t y  o f  weather delay i s  always present and could cause per iod ic  
delays o f  scheduled STS launch operations. 
As the YFNB barge to \ !  cable i s  a f fected by 20-foot 
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5.7 COmON CARRIER RATES 
The cost-effectiveness o f  f:o.t. o r i g i n  de l i very  by cOmnOn c a r r i e r  
w i l l  be detennined by the resu l t s  o f  f u tu re  contract  negotiations. 
The recent experience w i t h  Matlack, Inc. cancel l ing t h e i r  agreement 
w i t h  .NASA (which resul ted i n  an imnediate increase f r o m  $0.59 per  
m i l e  t o  $1.06 per m i l e  and subsequently t o  $1.12 per K i l e  f o r  tanker 
t ranspor tat ion)  seems t o  emphasize the f r a g i l e  nature of such agree- 
ments. The c a r r i e r  may cancel such special agreements (negotiated 
under Section 22 o f  the In te rs ta te  Comnerce Act) a t  any t ime w i t h  
a 30-day notice. 
5.8 OVERSIZE SEMITRAILER TANKERS 
Maximum payload LH2 semi t ra i l e r  tankers o f  more than 20,000-gal 
capacity are p o t e n t i a l l y  the most cost e f f e c t i v e  t ranspor tat ion 
option. Assurances were received t h a t  each of  the  s tates between 
KSC and APCI would permit 24-hour-per-day t r a f f i c  for  such over- 
sized vehicles wi thout  special escort; however, firm assurance 
t h a t  oversize vehicle charges would not  be l ev ied  f o r  each t r i p  
were not  received and two states ind icated t h a t  no-.permits v a l i d  f o r  
more than 60 days wi thout  renewal would be issued. These con- 
siderations, combined w i t h  possible imposit ion of severe r e s t r i c -  
t ions  i n  the event o f  catastrophic accident inf luenced the  decision 
n c t  t o  use an oversize LH2 tanker. 
5.9 KSC RAILROAD TRACKS 
KSC r a i l r o a d  tracks are i n  a poor s ta te  o f  repa i r  and need mainte- 
nance. Serious problems w i t h  r a i l s ,  t i es ,  and switches e x i s t  due 
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t o  deferred FEC maintenance, and KSC Transportat ion Services 
estimates t h a t  $3 m i l l i o n  i n  repa i r  costs are essent ia l  t o  
b r i ng  the t racks t o  a fu l l y  serviceable condit ion. Before any 
r a i l c a r  opt ion f o r  LH2 t ranspor tat ion can' be implemented, return 
o f  the KSC r a i l r o a d  tracks t o  a normal condi t ion i s  essential.* 
5.10 INITIAL INVESTMENT COST 
The estimated investment cost  f o r  LH2 barge, r a i l c a r ,  and semi- 
t r a i l e r  tankers described i n  each o f  the options o f  t h i s  study 
are based on informal, telephonic market surveys o f  commercial 
c tanker equipment. As none o f  
firm bids or quotations i n  re- 
some var ia t ions i n  p r i c e  should 
occur i n  fu tu re  LHz t ranspor tat ion procurement actions. 
f i rms whi ch manufacture cryogen 
the  costs are ac tua l l y  based on 
sponse t o  contract s o l i  c i  t a t i o n  
5.J1 FUEL COST 
I n  comparing operating costs, the fue l  cost associated w i th  each 
o f  the t ransportat ion options has been assumed t o  escalate a t  
7 percent per year. Fuel costs could escalate a t  a s i g n i f i c a n t l y  
greater ra te  as a r e s u l t  of National energy PO i c y  o r  special ac t  
by o i l  export ing nations. Should t h i s  escalat ion occur, the 
r e l a t i v e  cost-effectiveness o f  a l l  t ranspor tat ion options could 
on 
be s i g n i f i c a n t l y  affected. A s m a r y  o f  estimated f u e l  consunption 
and s e n s i t i v i t y  o f  fue l  cost t o  escalated rates appears i n  Appendix 
18. 
* Includes upgrading ex i s t i ng  r a i l  spurs a t  Pads A and 6. 
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I n  the event barge, r a i l c a r ,  o r  a l l  19,700-gal mobile tanker 
options are selected f o r  STS LH2 t ransportat ion during the 
per iod 1982 through 1991, the e x i s t i n g  KSC mobile tznker f l e e t  
o f  seven 13,000-gal and one 16,700-gal mobile tankers w i l l  be 
avai lab le fo r  other possible use. 
tankers can be leased t o  APCI as revenue-produciny equipment 
o r  the tankers can be retained as an addi t ional  backup t o  the 
selected LH2 transportat ion option. 
Par t  o f  a l l  o f  these mobile 
5.13 YFNB-TYPE BARGE AVAILABILITY 
The cost and development time f o r  a l l  barge options addressed i n  
t h i s  study are based on a v a i l a b i l i t y  o f  a su i tab le  YFNB-type barge 
from the U. S. Navy. I f  a Fui tab le barge i s  not avai lable, the 
investment costs and equipment development schedules presented 
i n  Options 1 through 5 could increase s i g n i f i c a n t l y .  
5.14 EQUIPMENT PROCUREMENT RESPONSIBILITY 
I n  conjunction w i t h  the decision t o  proceed w i th  a s p e c i f i c  LH2 
transportat ion option, a deteminat ion must be made whether MSFC, 
KSC, o r  APCI  would be responsible f o r  acquir ing the required 
conveyance(s). 
w i t h  each transportat ion mode must be i d e n t i f i e d  and assigned p r i o r  
t o  implementing the t ransportat ion option. 
I n  iidditon, spec i f i c  r e s p o n s i b i l i t i e s  associated 
5.15 BARGE DEVELOPMENT SCHEDULE 
I f  the normal NASA-wide Research and Development (R8D) budgeting 
process i s  fol lowed and the A P C I  time schedule f o r  barge development 
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can not be reduced below 3 years, the proposed LH2 barge would 
probably not be operational p r i o r  t o  calendar year 1983. To 
achieve an operational status f o r  the barge opt ion by mid-1982, 
special funding to  reduce lead time or an accelerated construc- 
t ion  schedule i s  required p r i o r  t o  the f i s c a l  year 1980 budget 
ca l l .  
6.0 CONCLUSIONS 
Based upon deta i led canparison o f  the s ixteen LH2 t ranspor tat ion 
options addressed i n  t h i s  study and evaluation o f  the data pre- 
sented i n  each opt ion i t  i s  concluded that :  
0 The most cost e f fec t i ve  methods o f  t ransport ing LH2 f r o m  APCI 
t o  KSC include those options which maximize the use of ex is t -  
ing  NASA t ransportat ion resources (mobile tankers and r a i l c a r s )  
and which supplement t h i s  capab i l i t y  w i th  maximum capacity 
mobile tankers, procured on an incremental basis, as a funct ion 
o f  STS program m a t e r i  a1 i z a t  i on. 
0 LH2 del ivery  by APCI  mobile tanker f.0.b. KSC i n  accordance 
w i th  the ex is t ing  NAS8-31034 contract would not be cost e f f e c t i v e  
i f  continued a t  the current t ransportat ion ra te  on a projected 
s t ra igh t  l i n e  cost  basis. However, the use o f  APCI mobile tankers 
f o r  contingency backup support o f  KSC LH2 t ransportat ion options 
‘iiplemented during the per iod  1982-1991 should be considered i n  
future contract negotiat ions. 
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0 LH2 del ivery  by barge does not appear t o  be e i t h e r  a cost  
e f f e c t i v e  o r  a t t r a c t i v e  method o f  t ransportat ion due t o  
h igh i n i t i a l  investment cost  f o r  f a c i l i t i e s  and equipment, 
the requirement t o  comnit extensive funds p r i o r  t o  deter- 
mination o f  actual STS launch rates, l i m i t a t i o n s  on round 
t r i p  launch support capabi l i ty ,  time constraints on con- 
s t r u c t i o n  and implementation, higher r i s k  and possible en- 
vironmental impact. 
0 LH2 del i very using addi t ional  NASA-procured 13,000-gal 
mobile tankers i s  not a cost e f f e c t i v e  method o f  trans- 
por ta t ion  dire t o  the comparatively low volume and higher 
operating cost per pound o f  product del ivered i n  cornparisor, 
t o  other options. 
tankers has s i g n i f i c a n t  cost advantages and should be 
pursued as an incremental add i t i ve  t o  the ex is t ing  KSC 
LH2 t ransportat ion support base1 ine. 
U t i l i z a t i o n  of maximum capacity mobile 
0 LH2 del ivery  by r a i l c a r  could be a cost e f f e c t i v e  method o f  
t ransportat ion i n  th? w e n t  o ther  a l ternat ives should prove 
no t  feasible f o r  tzchnological o r  other reasons. 
curement and use of the four  NASA owned LH2 r a i l c a r s  pre- 
sent ly  located a t  Lewis Research Center t o  develop addi t ional  
operational basel ine experience should be a p r i o r i t y  con- 
s i derat i  on. 
KSC pro- 
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7.0 RECOMMENDATIONS 
I n  accordance w i t h  the options addressed i n  t h i s  study and the 
conclusions presented, i t  i s  recommended that:  
0 A baseline support plan which includes the t o t a l  ex i s t i ng  NASA 
LH2 t ransportat ion capab i l i t y  be implemented as the LH2 trans- 
por ta t ion  method i n  support o f  KSC STS operations. 
0 Action t o  coordinate t h i s  study w i th  MSFC and APCI be i n i t i a t e d  
as soon as p rac t i ca l  t o  f a c i l i t a t e  planning, budgeting, and 
fu tu re  contract negotiat ions f o r  LH2 transportat ion. 
0 Coordination w i th  Lewis Research Center be established f o r  
t rans fer  o f  the four  LH2 r a i l c a r s  t o  support LH2 de l ivery  t o  
KSC and developing an experience base u t i l i z i n g  ra i l ca rs .  
0 Coordination continue w i th  industry f o r  engineering design 
aod val i idt ion o f  maximun capacity LHz mobile tankers. 
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APPENDIX 1 
APPENDIX 1 
OPTION 1 - BARGE TO PADS A AND B 
1 .O CONCEPT OF OPERATION 
Option 1 i s  based on LH2 del ivery  by Government-owned barge d i r e c t l y  
from the APCI  f a c i l i t y  i n  New Orleans t o  Pads A and B. Under t h i s  
concept, two c y l i n d r i c a l  LH2 dewak, each w i t h  a 32-foot outer  d i -  
ameter and 110 f e e t  i n  length, would be mounted on a YFNR h u l l  sim- 
i l a r  t o  the type used f o r  de l i ver ing  Apollo hardware t o  KSC (Figure 
1-1). The conceot o f  using two tanks rather  than a s ing le  long tank 
i s  more prac t ica l  from a s t ruc tura l  design standpoint and provides 
a measure o f  redundancy. The proposed tanks would have an aluminum 
inner  tank and carbon s tee l  outer  tank w i th  a p e r l i t e - f i l l e d ,  evac- 
uated annulus. Overal l  barge s ize  would be approximately 48 f e e t  
wide by 265 f e e t  long w i th  an adjustable 12 f e e t  maximum and 3 f e e t  
minimum draft.  
f u l l  volume w i th  a 50-psig operating pressure. 
Estimated b o i l o f f  would be 0.15 percent per day o f  
The barge would be sized t o  provide inventory storage over and above 
the estimated t-,,OOO-gal LH2 launch cycle requirement as the pro- 
posed barge i s  capable o f  a maximum o f  30 de l i ver ies  from A P C I  t o  
KSC per year. To support 40 launches, 20,000,000 gal  o f  LH2 must 
be del ivered i n t o  the storage spheres a t  Pads A and B. 
t h i s  volume, a barge w i th  815,000-gal gross capacity i s  required. 
Al lowing f o r  6-percent ul lage, 6-percent water densi ty safety fill 
factor,  and approximately 44,000 gal i n  pressurization, b o i l o f f ,  
and other t rans fer  losses, the proposed barge should de l i ver  
To achieve 
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670,000-gal o f  LH2 i n t o  the pad storage spheres a t  KSC each round 
t r i p  and pannit leaving up t o  3,000 gal  o f  LH2 "heel" i n  each barge 
dewar. 
The barge would be towed by a seagoing t l rg o f  3,000 horsepower. 
The barge route i s  from the APCI  p l a n t  on the Michoud Canal i n  New 
Orlea, e,ound the t i p  c f  F lo r ida  t o  Port  Canaveral. With a towing 
speed o f  8 mi les Der hour (mph) , the 1,073-mile distance would be 
covered i n  4- ,, L days. A t  Por t  Canaveral , a KSC tug would tow the 
barge thrcrugh the locks and up the Banana River t o  the proposed barge 
docks a t  Pads A and B. As the Banana River channel i s  narrow, wind- 
ing, and unlighted, barge t r a f f i c  between Por t  Canaveral and KSC i s  
r e s t r i c t e d  t o  day l ight  hours only. Travel t ime plus LH2 of f loading 
time a t  each pad would normally preclude l-day turnaround. Allowing 
2 days f o r  barge movement and of f loading operations i n  the KSC area 
and 1 day f o r  barge loading a t  the A P C I  f a c i l i t y ,  the estimated bdrge 
round t r i p  time i s  12 days. A barge transportat ion model based on 
supporting 40 launches per  year on the 12-day schedule i s  shown i n  
Figure 1-2. 
and f a c i l i t i e s  t o  support t h i s  option are shown i n  Figures 1-3 and 1-4. 
Estimated time tables f o r  development o f  barge equipment 
APCI has barge ?oading f a c i l i t i e s ,  however, some modif icat ion and 
r e h a b i l i t a t i o n  i s  neeed fg  accomnodate the proposed 81 5,000-gal barge. 
Implementation o f  the barge opt ion a t  KSL would require dredging 
f e e t  and a 
t i e s  w i t h  
1-6). 
approximately 12,250 f e e t  o f  channel t o  a width of 125 
depth of 12 
90 fee t  o f  
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f e e t  plus construction o f  barge dock f a c i l  
ock clearance a t  each pad (Figures 1-5 and 
I n  addit ion, two pad acLess r0 .d  bridges and one b a s t i l l e  r a i l r o a d  
bridge, each w i t h  90-foot spans, are required across the proposed 
barge channel. Minimum height clearance o f  the road bridges would 
be 50 f ee t  t o  permit f ree  passage o f  the unloaded barge w i th  minimum 
d ra f t .  As the ?ock a t  Por t  Canaveral i s  90 f e e t  wide by 600 fee t  
long w i th  55 fee t  o f  overhead clearance, l ~ o  p ;y ;ca l  r e s t r i c t i o n s  t c j  
barge mzvement should be enccuntered. 
Addit ional construction required a t  e;,h pad includes cf f loading and 
associated transfer l ines .  The of f load transfer l i n e  from the barge 
dock to  the LH2 storage sphere a t  each pad would be approximately 
400 f e e t  i n  length. With valves, elbows and f i l t e r s ,  the o f f l oad  l i n e  
would have an equivalent length o f  450 feet .  The o f f l oad  l i n e  would 
consist  o f  8-inch VJ p ipe l i ne  i n s t a l l e d  i n  conjunction w i th  12-inch 
vent l i n e s  and 10-inch F i rex water deluge l ines .  A t  normal operating 
pressure, o f f l o i d i n g  of tke 670,000 gal  o f  LH2 should requi re approx- 
imately 3 hours. Decreasing the of f loadir lg capacity t o  a 4-inch VJ 
l i n e  connected t o  the ex is t ing  $-inch input  manifold l i n e  a t  Pads A 
and B would increase o f f load ing  time t o  more than I f  Clours and would 
s i g n i f i c a n t l y  increase off loading labor  costs. 
12-inch vent l i ne ,  and 10-inch Firex water deluge l i n e s  
compatible w i th  ex is t ing  APCI  f a c i l i t i e s .  To reduce t rans fer  losses, 
the LH2 barge would not  be depressurized between unloading operations 
a t  Pads A and B. 
The 8-inch VJ l i ne ,  
- 3  a l s o  
The barge resupply cyc le  s t a r t s  w i t h  both pad storage spheres con- 
tail;ing 853,000 gal o f  LH2. 
i n  Sphere A would be reduced t o  350,000 gal .  
When a launch f r o m  Pad A occurs, storage 
Nine c'ays lat.er when a 
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launch occurs from Pad B, storage uould be reduced t o  350,000 ga l  
i n  Sphere 8. The day fo l low ing  the second launch, a barge would 
a r r i v e  and o f f l o a d  500,000 gal  i n t o  Sphere A, f i l l i n g  the sphere t o  
850,000 gal .  The remaining po r t i on  o f  the  barge sh i -gent  would be 
deli 
storage tank would contain 850,000 gal. As the maximun volume o f  
LH2 which can be removed f r o m  APCI f a c i l i t i e s  f o r  barge or,loading 
a t  one time i s  844,700 gal  (per APCI) no s i g n i f i c a n t  onloading 
delays should occur from a supply standpoint. 
ed i n t o  Sphere 8. Af te r  every t h i r d  barge del ivery, each 
2.0 INVESTMENT COST 
The estimated cost to  design and b u i l d  the  proposed two-tank LH2 
barge was $8.6 m i l l i o n  i n  1976. Design and drawing estimates were 
provided by J. J. Henry Naval Architects, Inc. YFNB h u l l  engineer- 
i ng  estimates were provided by APCI and cryogenic tank and p ip ing  
estimates were provided by the Chicago Bridge and I r o n  Company. 
F a c i l i t i e s  construction estimates a t  Pads A and B were provided by 
KSC Design ERgineering (DE). Projected investment cost t o  the time 
a t  which K X  contracts would be awarded f o r  equipment and f a c i l i t i e s  
is indicated as follows. 
percent per year. F a c i l i t i e s  investment costs are escalated i n  
accordance w i th  NASA Management Ins t ruc t i on  (NMI) 7330.2. 
Equipment cost estimates are escalated a t  7 
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0 Equipment Investment Cost 
1976 VENWR 1981 BUDGET 
EST IMTE ESTIMATE 
LH7 Barge (815,000-Gal Capacity1 
Design and Drawings $ 300,000 
. 
YFNB Hull Modif icat ions i ,600,000 
Cryogenic Tanks and Piping 6,700 , 000 
To t a l  $8,600,000 $1 2,100,000 
0 Cost Adjustment Factor (10 Percent) $ 1,210,000 
I) F a c i l i t y  Construction Cost 
1977 ENGINEER- 1081 BUDSCi 
ING ESTIMATE (E) ESTIWTE (1.62E) 
Mobilization/Demobil i z a t i o n  $ 200,000 
Dredging Operations 1,430,000 
Wei rs, Clearing, and Diking 
B r i  dges (Two Road/One B L ~  t i11 e*) 
Docking Faci 1 i t i e s  (Two) 
LH2 Piping System (900 Feet) 
373,300 
3,000,000 
1,250,000 
1 ,440 , 000 
Total $7,693,300 $1 2,460,000 
@ Design Fee (6 Percent) $ 748,000 
0 APCI Dock Modi f icat ion (KSC Estimate) $ 50,000 
To ta l  lnvestrnent Cost $26 , 568,000 
* One b a s t i l l e  bridge a t  $1 n i i l l i o n  may not be required if r a i l  de l i very  
t o  Pad A i s  not  essent ia l .  
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3.0 OPERATING COST 
The operating cost f o r  LH2 barge de l i very  includes the cost of a 
seagoing tug and a prorated share of the cost o f  the KSC tug. The 
1977 lease r a t e  f o r  a seagoing tug i s  $1.00 per  horsepower pe r  day. 
Based on a 3,000-horsepower seagoing tug and a round t r i p  time of 
12 days, the seagoing tug cost  per barge round t r i p  would be $36,000. 
An addi t ional  charge o f  $3,000 for p i l o t  services and insurance must 
be added f o r  each seagoing tug  round t r i p .  KSC Transportat ion Ser- 
vices estimates $2,467 per  t r i p  as the prorata cost o f  the  KSC tug. 
Projected t o  1982, the operating cost  per  barge t r i p  i s  estimated t o  
be $58,162. Estimated t o t a l  operating cost fol lows. 
0 Barge Operating Cost 
LAUNCHES/ BARGE TRIPS/ 
YEAR COST/TRIP YEAR YEAR COST/Y EAR 
1982 $ 58,162 13 10 $ 581,620 
83 62,233 36 27 1,680,291 
-
84 66,590 40 30 1,997,700 
1991 106,929 40 30 3,207,870 
Total Operating Cost $22,800,000 
4.0 MAINTENANCE COST 
Maintenance cost associated w i th  the proposed LH2 barge includes 
per iod ic  cryogenic refurbishment, drydock se rv i c i  ng/corrosion contro l  , 
and preventi  ve/corrective m a i  ntenance o f  p i  p i  ng and i ns trumen t a  t i on 
panels. AMKO Cryogenic Services recommends re fu rb ish ing  o f  per1 i t e  
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i nsu la t ion  every 6 years a t  $6,000 per  service plus corrosion 
control  o f  the cryogenic tanks every 2 years a t  $0.45 per square 
foot. The U. S. Salvage Company Shipyards a t  Mobile, Alabama 
recomnend the LH2 barge be drydocked for  15 days every 2 years 
for h u l l  corrosion control.  Drydock costs are $0.30 per  ton f o r  
haul ing and $0.28 per  ton per dqy f o r  drydock time. Corrosion 
control  f o r  the barge h u l l  i s  estimated a t  $1.35 per  squaw foot 
f o r  sandblasting and resurfacing (primer and paint ) .  NSTL i n d i -  
cates the preventive/corrective maintenance costs f a r  t h e i r  barges 
average about $8,000 every 6 years; however, t h i s  f i g u r e  i s  expected 
t o  double as the KSC LH? barge would be subjected t o  a s a l t  water 
envlromient a t  a l l  times. 
years w i l l  require de l ivery  o f  s u f f i c i e n t  LH2 f o r  two STS launches 
by a l ternate means every 2 years. APCI del ivery  f.0.b. KSC using 
13,000-gal mobile tankers i s  the l o g i c a l  a l ternat ive.  For t h i s  
reason, the LH: del ivery cost f o r  96 mobile tanker loads (48 per  
launch) i s  added t o  the LHz h a q e  maintenance cost f o r  each year 
ind icated.  Cost  factors and estimated niairitenance c o s t  f o r  the 
proposed 71)O-ton LH: hatye follow. 
The 15-day drydock time loss every 2 
0 Maintenance Cost Factors 
COST! Y EAR 
11977 WLLARSL 
Cryogenic RefJrbishe . . . . . . . . . . . . .  $ 1,OOo 
Corrosion Control (Ld2 Tanks) . . . . . . . . .  5,700 
Drydock Operations . . . . . . . . . . . . . .  1,500 
Corrosion Control (Hull) . . . . . . . . . . .  24,300 
Prevent i ve/Corwct i v e  Mai ntenance . . . . . . .  2,600 
Barge Maintenance Cost $35,100 
0 Government Sew i c e  Contract Cost 15 Percent) $ 4,036 
0 A P C I  Del ivery f . 0 . b .  KSC (1977) $ 2,315lTan ker 
0 Barge Maintenance Cost 
YEAR COST/ YEAR -
1982 $ 49,229 
83 52,675 
* 84 438,154 
85 60,308 
* 86 501,618 
87 69,047 
* 88** 574,328 
89 79,051 
* 90 657,639 
199: 90,506 
Total Maintenance Cost $2,573,000 
* Cost includes 96 LH2 del iver ies by APCI  13,000-gal mobile tankers 
** Cryogeni c r e f  urb i  s hmen t year 
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5.0 OFFLOADING COST 
Offloading operations f o r  t h i s  opt ion include Safety, Fire, Vehicle 
Operations i V O ) ,  and barge operating functions. As opposed t o  
Apollo, Security w i l l  be assuned by ons i te  KSC Safety and VO per- 
sonnel. Road barricades and warning signs w i l l  be set  up a t  area 
warning l i g h t s  on each side o f  the LH2 operational area and both 
Safety and VO personnel w i l l  monitor the bum pond. The Q u a l i t y  
Assurance (QA) funct ion w i l l  be performed by the VO lead technician. 
LHz of f loading time through the 8-inch VJ l i n e  i s  estimated a t  3 
hours. F i r e  and Safety personnel a w  required i n  each area 1/2 hour 
p r i o r  t o  and fo l lowing of f loading operations. VO personnel are required 
i n  each area 1 hour p r i o r  t o  and fo l low ing  o f f load ing  operations t o  
estab l ish secur i ty,  prepare the s i t es  f o r  operation, and t o  shut 
down the s i t e s  fo l lowing operation. 
f o l  lows. 
Estimated o f f load ing  cost  
0 Cost per Barge Off loading Operation ($19.51/Hour 1982 Dol lars)  
FUNCTION 
Safety 1 4 4 b 78 
HOURS/ TOTAL 
PERSONNEL OPERATION MAN-HOURS COST/TRANSFER -- 
F i r e  
vo 
4 4 16 31 2 
3 5 15 293 
Barge 
Uperators 3 3 9 176 
Cost per Barge Transfer $859 
-
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0 Barqe Offloading Cost 
NUHER - YEAR OST/TRACSSFER OF CYWES CoSTlYEAR 
1982 $ 058 12 $ 10,296 
83 91 9 29 26,651 
84 983 32 31,456 
1991 1,578 32 50,496 
Total Offloadinq Cost $360,000 
6.0 REWCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency of less t h a n  40 launches per year, the 
cost-effectiveness of this option is reduced dranatically. For ex- 
ample, a t  20 launches per year, no reduction i n  investment or mainte- 
nance costs would be realized, however, a 50-percent reduction i n  
operating and offloading costs could be achieved. Transfer/efficiency 
J O S C ~ S  would also be reduced by 50 oercent except boiloff losses 
which would continue a t  a uniform rat:. Estimated total  cost, by 
category, for  this  opt ion a t  20 STS launches per year follows. 
Investment Cost $26,568,000 
Operating Cost 
Maintenance Cost 
Offloading Cost 
11,400,000 
2,573,000 
180,000 
Transfer/Efficiency Cost 7,732,000 
TOTAL COST (20 LAUNCHES/Y EAR $48,453,000 
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OPTION 2 - BARGE/PAILCAR COWINATION 
1 .O CONCEPT OF OPERATION 
Option 2 i s  based on LH2 del ivery  by Government-owned barge d i r e c t l y  
from the APCI f a c i l i t y  i n  New Orleans t o  Pad A as i n  Option 1. This 
option d i f fers  from Option 1 i n  t h a t  no barge channel o r  docking 
f a c i l i t y  f o r  Pad B would be constructed and t rans fer  o f  LH2 from the 
barge a t  Pad A t o  +he Pad B storage sphere would be accomplished using 
four  34,000-gal LHz r a i l c a r s  moved by the KSC trackmobile. 
To support 40 STS launches per year, 670,000 gal o f  LH2 must be de- 
l i ve red  i n t o  the storage spheres a t  Pads A and 8 each round t r i p .  
Howeier, under t h i s  Dption, the increase i n  t rans fer le f f i c iency  1 osses 
t o  approximately 69,500-gal which would r e s u l t  from double pressur i -  
zat ion and of f loading o f  the barge and ra i l cars ,  requires t h a t  a barge 
w i th  dewars of 840,000-gal gross capacity be used (Figure 2-1). A 
barge o f  t h i s  capacity would s a t i s f y  STS launch requirements and permi t  
leaving up t o  1.300 gal o f  LH2 "heel" i n  each dewar a f t e r  each de- 
l i v e r y  f o r  reducing LH2 tank chi l ldown losses during onloading oper- 
at ions. 
The four  LH2 r a i l c a r s  planned fo:- use under t h i s  opt ion were bui 1 t by 
Linde f o r  NASA and are i n  covered storage a t  Lewis Reszarch Center 
(Figure 2-2). Each r a i l c a r  has a gross capaciL; of 36,100 gal and a 
stainless steel  irmer : ' i s .  I carbon s tec l  outer casing, mylar super- 
insulat ion,  0.5 percent per day boiloff ra te,  and a maximum 100-psig 
operating pressure. Each r a i l c a r  hirs an 8-inch VJ supply l i n e  and 
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standard NASA 2-inch bayonet couplings with two 20-foot f l e x i b l e  
hoses f o r  of f loading. This 40-foot f l e x i b l e  of f loading hose capa- 
b i l i t y  would permit connecting t o  the ex is t ing  ?-inch LH2 manifolds 
a t  Pads A and B rJith simultaneous of f loading o f  up t o  four  r a i l c a r s .  
With the 34,000-gal r a i l c a r  pressurized t o  45 psig, o f f loading f low 
t ime should be approximately 1.5 hours per  r a i l c a r  o f f loading oper- 
at ion. No addi t ional  r a i l  f a c i l i t i e s  o r  equipment would be required 
mder  t h i s  option. 
APCI barge loading f a c i l i t i e s  would requi re some i8:odi f icat ion and 
r e h a b i l i t a t i o n  as i n  Opticn 1, however, requiremects t o r  construction 
and f a c i l i t i e s  a t  KSC would be s i g n i f i c a n t l y  reduced. 
o f  barge channel would require dredging and only  one dock and one 
road br idge w i th  !&foot height clearance would be required. L H 2  
p ip ing  would also be reduced t o  450 fee t  o f  8-inch VJ l i ne ,  1 2 - i n 4  
vent l ine,  m d  10-inch F i rex water deluge l i nes .  
channel and r a i l  access roads f o r  t h i s  opt ion are shown i n  Figure 
Only 400 f e e t  
The proposed barge 
2-3. 
The barge resupply cycle s t a r t s  wi th  each pad storage sphere ion ta in -  
i n g  850,000 gal o f  LH2. 
Sphere A would be reduced t o  350,000 gal .  Nine days l a t e r  when a 
launch occurs from Pad B, storage would be reduced t o  350,000 gal i n  
Sphere B. The day fo l lowin9 the second launch, a barge would a r r i v e  
and o f f l rad  500,000 gal by 8-inch VJ p ipe l ine  i n t o  Sphere A f i l l i n g  
the sphere t o  850,000 gal. 
ment would be transferred t o  34,000-gal (nominal) r a i l c a r s  and de- 
When a launch from Pad A occurs, storage i n  
The r m a i n i n g  p o r t i o r  o f  t h e  barge s h i p -  
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l i v e r e d  i n t o  Sphere 8. Af te r  every th i rd  barge del ivery,  each 
storage tank would contain 850,000 gal .  The barge transportat ion 
model f o r  this opt ion i s  shown i n  Appendir 1, Figure 1-4. The 
barge and f a c i l i t y  development schedules f o r  t h i s  opt ion are  shown 
i n  Appendix 1, Figures 1-5 and 1-6. 
2.0 I N V E S M N T  COST 
The estimated cost t o  design and b u i l d  the proposed 815,000-gal LH2 
barge i s  deta i led i n  Appendix 1. For the 840,000-gal barge, a 
proport ional  cost increase o f  $260,000 i s  assuned. The cost of 
KSC f a c i l i t i e s  t o  support t h i s  opt ion w i t h  dock f a c i l i t i e s  a t  Pad 
A only has been estimated a t  $3,050,000 by KSC Design Engineering 
(DE). 
would be awarded f o r  equipment and f a c i  i t i e s  i s  estimated as fo l lows. 
Projected investment cost t o  the time a t  which KSC contracts 
2- 3 
0 Equipment Investment 
LH2 Barge (840,000-Gal Capacity) 
Four 34,000-Gal Rai l  cars* 
Total 
0 Cost Adjustment Factor (10 Percent) 
0 F a c i l i t y  Construction Cost 
Hobil  i t a t i o n / b b i l  i z a t i o n  
Dredging Operations 
Bridge (One Road) 
Docking F a c i l i t i e s  
LH2 Piping System (450 Feet) 
0 Design Fee (6 Percent) 
0 A P C I  Dock Modif icat ion (Appendix 1) 
1976 VENDOR 1981 BUDGET 
ESTIHATE ESTIMATE .- 
$8,760,000 $1 2,432,000 
40,000 52.000 
$8,785,000 $1 2.484.000 
$ 1,248,400 
1977 ENGINEER- 1981 BUDGET 
ING ESTIMATE (E) ESTIMATE (1.62E) 
$ 200,000 
500,000 
1,000,000 
625,000 
725,000 
$3,050,000 $ 4,941,000 
$ 295,500 
.$ 50,000 
Total Investment Cc $I 9,019,900 
* Assunes the four  ex i s t i ng  LH r a i l c a r s  owned by NASA w i l l  be made available 
t o  KSC. 
r a i l c a r s  (1976). 
APCI  estimates $40, 6 00 i n i t i a l  r e h a b i l i t a t i o n  cos t  f o r  these fou r  
2-4 
3.0 OPERATING COST 
T)re operating cost f o r  LH2 de l i very  under t h i s  opt ion includes the 
cost o f  a seagoing tug, a pmrated share o f  the cost o f  the KSC 
tugs, and r a i l c a r  and trackmobile costs a t  KSC. The estimated cost 
of the seagoing tug and KSC tug i s  de ta i led  i n  Appendix 1. The cost 
of r a i l c a r  t ransfer from the Pad A barge f a c i l i t y  t o  the Pad B LH2 
storage sphere includes operator personnel and f u e l  costs f o r  the 
KSC trackmobile. Pad B LH2 requirements t o  support 20 launches per 
year a t  500,000 gal  per launch mount  t o  10,000,000 gal .  This 
quant i t y  must be provided from the 30 barge de l i ver ies  per year w i t h  
an average of 10 r a i l c a r  de l i ver ies  per barge t r i p  required t o  
maintain Pad B LH2 sphere levels.  Three personnel are required t o  
operate the trackmobile and perform r a i l c a r  switching functions. 
Each trackmobile round t r i p  w i l l  move fou r  r a i l c a r s  on a 3-hour 
round t r i p  basis. A t  a 6.5-gal/hour consumption rate, the trackmobile 
fue l  cost i s  estimated a t  $33.00 per barge del ivery  cycle. 
a t i ng  cost factors and combined cost f o r  barge and r a i l c a r s  follow. 
0 Rai lcar j l rackmobi le Operatinq Cost Factors 
Oper- 
Average LH2 Volume/Delivery (Pad B). . . . . . .  333,300 Gal  
33,900 Gal  *LH2 Load/Railcar (6% Ullage) . . . . . . . . . .  
Average Railcars/Barge Delivery. . . . . . . . . . . . .  10 
Operator Cost (1 982) . . . . . . . . . . . . . .  $1 9.51/Hour 
Trackmobile Round Trips/Barge Delivery . . . . . . . . .  3 
* Increased load permitted f o r  short haul w i t h  no b o i l o f f  assumed. 
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@ Trackmbi le /Rai lcar  Operatinq Cost 
- YEAR DELIVERIES HOURS COST BARGE MN- OPERATOR 
1982 90 $1,756 
83 27 243 5,074 
84 30 270 6,032 
1991 30 270 9,685 
TRACKHOBILE OPERATING 
COST COST - 
953 6,027 
1,133 7,165 
1,820 1 1,505 
Trackmobile/Rail car Operating Cost $ 78,800 
0 Barge Operatin? Cost (Appendix 1) $22,800,000 
Tota I Operating Cost $22,878,800 
4.0 MAINTENANCE COST 
Maintenance cost  associated w i t h  t h i s  opt ion includes corrosion 
contro l  and cryogenic maintenance o f  barge and r a i l c a r  LH2 dewars 
and preventive and cor rec t ive  maintenance o f  barge, r a i l c a r ,  and 
trackmobile equipment. Maintenance costs f o r  the  barge dewar and 
YFNB h u l l  are de ta i led  i n  ApSendix 1. Useful maintenance data f o r  
the fou r  34,000-gal NASA LH2 r a i l c a r s  are no t  ava i lab le  due t o  
prolonged storage and l i m i t e d  use; however, the Linde Division, 
Union Carbide Corporation, which operates numerous LH2 r a i l c a r s  
estimates i t s  1977 average annual r a i l c a r  maintenace cost a t  
approximately $2,90~. This estimate includes $1,250 every 2 years 
f o r  DOT safety  and instrumentation tests; 85,000 every 5 years  for 
sandblasting, priming and paint ing; and $1,275 for preventive and 
correct ive maintenance-related functions. Maintenance costs f o r  
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the NASA trackmobile during the past 10 years have t o t a l l e d  513,064. 
This t o t a l  includes $2,096 f o r  preventtve maintenance, $5,565 f o r  
correct ive maintenance, and $5,403 for materials. A t  the pwvious 
rate, projected maintenance casts escalated t o  1991 f o r  the track- 
mobile would he $33,685. As the trackmobile i s  b2 t t i ng  o lder  acd 
the projected workload w i l l  increase dramatically, the estimated 
maintenance rate i s  doubled for t h i s  option. Estimated t o t a l  mainte 
nance cost follows. 
0 Rai lcar Maintenance Cost 
RAILCARS I N  - YEAR COSTIRA I LCAR SERVICE 
1982 $4,067 4 
83 4,353 4 
84 4,656 4 
1991 7,478 4 
Railcar Maintenance Cost 
0 Barge Maintenance Cost (Appendix 1 ) +  
0 Trackmobile Maintenance Cost 
Total Maintenance Cost 
COST/YEAR 
$ 16,268 
17,408 
18,624 
-- 
29.910 
$ 225,000 
$2,573,000 
$ 41,000 
$2,839,000 
* Cost includes LH2 del iver ies by APCI w i t h  13,000-gal LH2 tankers f . 0 . b .  
KSC during barge drydock time as i n  Appendix 1. 
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5.0 OFFLOADING COST 
Offloading operations f o r  t h i s  opt ion include Safety, Fire, Vehicle 
Operations (VO), and barge operating functions as i n  Appendix 1. I n  
addit ion, r a i l c a r  of f loading a t  Pad B w i l l  requi re  addi t ional  Fire,  
Safety, and VO personnel whi le  double of f loading (barge a t  Pad A 
and r a i l c a r a t  LH2 sphere a t  Pad B) i s  i n  progress. Total LH2 o f f -  
loading t i m e  f o r  the Pad A sphere should average about 1.5 hours per 
barge t r i p .  Total o f f loading time f o r  the Pad B sphere should average 
about 9.5 hours per  barge t r i p  under t h i s  option. F i r e  and Safety 
personnel are required i n  each area 1/2 hour p r i o r  t o  and fo l lowing 
o f f load ing  operations. 
p r i o r  t o  and fo l lowing of f loading operations t o  establ ish secur i ty,  
VO personnel are required i n  each area 1 hour 
prepare t s i t e s  f o r  operation, and to  shut down the s i t e s  fo l lowing 
operation. Estimated cost factors and t o t a l  o f f load ing  costs Follow. 
r Barge/Railcar Off loading Operation 
/Hour 1982 Doll Jrs 1 
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS COST/TRANSFER 
Safety 2 12 24 $ 468 
F i r e  8 12 96 1,872 
vo 6 13 78 1,521 
Barqe 
Opera to rs  3 12 36 702 
Cost per Barge/Rai 1 car Transfer $4,563 
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0 Barge/Railcar Offloading Cost 
NUMBER 
YEAR COST/TRANSFER OF CYCLES COST/Y EAR -
1982 $4 , 563 10 $ 45,630 
83 4,883 27 131,841 
84 5,224 30 156,720 
1991 8,388 30 251,640 
Total Off loadinq Cost $1,785,500 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per  year, the 
cost-effectiveness o f  t h i s  opt ion i s  reduced dramatical ly. For 
example, a t  20 launches per  year, no reduction i n  investment o r  
maintenance casts would be realized, however, a 50-percent reduc- 
t i o n  i n  operating and off loading costs could be achieved. As i n  
Appendix 1, transfer/ef f iciency losses woul d a1 so be reduced by 
50 percent except b o i l o f f  losses which would continue a t  a uniform 
rate. Estimated t o t a l  cost, by category, f o r  t h i s  opt ion a t  20 STS 
launches per year follows. 
Investment Cost $1 9,019,900 
Operating Cost 
Mainteneiize Cost 
O f f  loading Cost 
11,439,400 
2,839,000 
892,700 
Transfer/Eff iciency Cost 11,209,300 
TOTAL COST (20 LAUNCHES/Y EAR $45,400,300 
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OPTION 3 - BARGE/PIPELINE COML,!IATION 
1 .O CONCEPT OF OPERATION 
Option 3 i s  based on LH2 del ivery  by Governme.it-owned barge d i r e c t l y  
from the APCI f a c i l i t y  i n  New Orleans t o  Pad A a; i n  Option 1. This 
opt ion d i f fe rs  from Optian 1 i n  t h a t  no barge channel o r  docking 
f r c i l i t y  f o r  Pad B would be constructed, and transfer o f  LH2 f rom the 
barge dock a t  Pad A t o  the Pad B storage sphere would be accomplished 
using cross-country, VJ pipel ine.  
The p ipe l ine  optiot, would permit r a p i d  of f loading o f  the LH2 barge 
t o  Pads A and B and produce a s i g n i f i c a n t  reduction i n  o f f loading 
time anti cost. The p ipe l ine  would consist D f  an 8-inch stainless 
s tee l  inner  l i n e  surrounded bj' an outer jacket w i t h  f u l l  vacuum i n  
the annular space between the l i n e s  t o  reduce t rans fer  l i n e  c h i l l -  
down losses. The 8-inch inner p ipe l ine  would be designed f o r  a 
minimum in te rna l  pressure o f  120 ps ig coincident w i th  f u l l  vacuum 
i n  the annular space, and a design temperature range o f  minus 423 
degrees fahrenh2i t  ( "  F) t o  plus 200" F. A t  45 psig, LH2 of.;load- 
i ng  o f  the barge could be acconplished i n  approximately 3 hours. 
As i n  Options 1 and 2, 40 STS launches per year w s t  be supported 
and 670,000 gal o f  LH2 must be del ivered i n t o  the s to rage  spheres 
a t  Pads A and B each round t r i p .  However, under t h i s  option, losses 
o f  approximately 58,900-gal p e r  de l ivery  resu l t ing  from barge and 
p ipe l ine  t rans fer le f f i c iency  losses require t h a t  a barge w i t h  dewars 
o f  830,000-gal gross capacity be used (Figure 3-1). A barge c f  t h i s  
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capacity would provide 3TS launch requiremnts and penni t  leaving up 
t o  2,200 gal  o f  LH2 "heel" i n  each dewar a f t e r  each de l i very  t o  reduce 
tank chilldown losses during anloading operations. 
The proposed p ipe l ine  wouia be approximately 9,OOO f ee t  i n  length. 
That por t ion  o f  the p ipe l ine  frun the barge o f f load ing  terminal t o  the 
Pad A LH2 sphere would be 450 f e e t  i n  length. That por?ion o f  the 
p ipe l ine  from the Pad A LH2 sphere to  the Pad 8 sphere would be approx- 
imately 8,500 f e e t  i n  length (Figures 3-2 and 3-3). 
Both Pad A and Pat-. J would requfre i n s t a l l a t i o n  o f  12-inch vent l i n e s  
and 10-inch F i rex ,.-a deiuge l i nes  i n  conjunction w i t h  the 8-inch 
VJ p i  pe l  i nes . 
APCI barge li,ding f a c i l i t i e s  would requi re l i m i t e d  modi f icat ion as 
described i n  Appendcx 1. KSC barge channel and f a c i l i t i e s  construc- 
t i o n  would be ident ica l  t o  t h a t  described i n  Appeqdix 2 except tha t  
constnict ion o f  the LH2 p ipe l ine  frm Pad A t o  Pad B would be required. 
Tile orrge/pipel ine rcsu?ply cyclc s t a r t s  w i th  ea-n gad storage ,phere 
containing 850,000 gal a f  LH2. When a launch from Pad A occurs, 
storage i n  Sphere A would be reduced t o  350,000 gal .  
when a launch occurs from Pad B, stcrape would be reduced t o  350.000 
gal i n  Sphere B. The day fo i lowing the second launch, a barge would 
a;;-ive and o f f l oad  5Ou,OCO gal by p ipe l ine  i n t o  Sphere A f i i l i n g  the 
sphere t o  850,000 g31. The wnain iny p o r t i - 1  o f  the barge shiprner[t 
would be del1b-r :d by pi9elin;l i n t o  Sphere B. 
del ivery,  ezzh stsrage hI*  would contain 850,000 gal o f  LH,,. The 
Nine davs l a t e r ,  
A f t e r  even4 -:bird barge 
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2.0 
barge t ransportat ion model fo r  t h i s  cp t ion  i s  shown i n  Appendix 1, 
Figure 1-4. The equipment and f a c i l i t i e s  timetables f o r  t h i s  opt ion 
are shown i n  Appendix 1, Figures 1-5 and 1-6. 
INVESRlENT COST 
The estimated cost t o  design and b u i l d  the proposed 815,000-gal LH2 
barge i s  de ta i led  i n  Appendix 1. For the 830,000-gal barge, a 
proport ional  cost increase o f  $15S,OOO i s  assumed. The cost o f  
KSC f a c i l i t i e s  t o  support this opt ion w i th  barge docking f a c i l i t i e s  
a t  Pad A only i s  de ta i led  i n  Appendix 2 .  KSC Design Engineering 
(DE) has estimated the contract  cost o f  constructing the LH2 pipe- 
l i n e  t o  Pads A and 6 a t  $1,000 Der l i nea r  foot .  
l i n e  materials, l a n d f i l l ,  support foirndations, expansion loops, 
chi  11 clown stat ions, valves , tenni  na t ions, ins trunenta t i on, vent and 
water deluge systems, and labor. 
time a t  which KSC contracts would be awarded f o r  equipment and 
f a c i l i t i e s  i s  estimated as follows. 
This p r i c e  includes 
Projected investment cost t o  the 
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0 Equiplent Investment 
1976 VENDOR 1981 BUDGET 
ESTInATE ESTIMATE 
One Barge (830,000-Gal Capacity) $ 6,758,000 $1 2,284,000 
0 Cost Adjustment Factor (10 Percent) $ 1,228,400 
0 F a c i l i t y  Cc-struct ion Cost 
1977 ENGINEER- 1981 BUDGET 
ING ESTIMATE (E) ESTIMATE (1.62E) 
Mobi 1 i r a t i  on/Demobi 1 i r a t i  on $ 200,000 
Dredging Operations 5O0.000 
Bridge (One Road) 1 000.000 
Docking F a c i l i t i e s  625,000 
Lti2 Piping System (9,000 Feet) 9,OGO.OOO 
Total $11,325,000 $18,346,500 
0 &iqn Fee (6 Per& $ 1,100,800 
0 APCI Dock Modif icat ions (Appendix 1) ' 50,000 
Total Investment Cost $33,009,700 
3.0 OPERATING COST 
The operating cost f o r  LH2 del ivery  under t h i s  opt ion includes the barqe- 
re la ted  costs o f  a seagoing tug and a prorated share o f  the cost o f  the 
KSC tug, plus KSC p ipe l ine  operating cost. 
cost i s  deta i led i n  Appwdix 1. 
hour ly wage o f  Vehicle Operations ($0) personnel t o  control  v a l v e s  and 
monitor LH2 flow during bawe of f loading operations. 
loading f l o w  ' 
t o  and fol lowing of f loading. 
Estimated barge operating 
Pipel ine operating cost includes the 
Estimated o f f -  
i s  3 hours w i t h  VO personnel required 1 hour prior 
T o t a l  estiriiated operating c o s t  f o l l o w s .  
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0 Pipel ine Operatinq Cost 
- YEAR MAMtouRs COST/HAN-HOUR 
1982 100 $19.51 
83 270 20.88 
84 300 22.34 
-- -- -- 
1991 300 35.87 
Pipel ine Operating Cost 
0 Barqe Operatinq Cost (Appendix 1) 
T- 
COST/Y EAR 
s 1,951 
5,637 
6,702 
-- 
10,761 
$ 76,300 
$22,800,000 
$22,876,300 
4.0 HAINTENANCE COST 
Maintenance Cost associated w i t h  t h i s  opt ion includes barge cor- 
rosion control,  s2ecial drydock costs, per iod ic  cryogenic tank 
refurbishment, and pipe1 ine  repair .  Estimated barye maintenance 
cost i s  deta i led i n  Appendix 1. Estimated p ipe l ine  maintenance 
i s  based on hourly wage requirements f o r  a s ing le  operator/mainte- 
nance man t o  perform readings, p u l l  vacuums, and otherwise maintain 
the p ipe l ine.  Twenty hours per  week are assumed t s  be adequate f o r  
t h i s  task. Total estimated maintenance cost f o r  t h i s  opt ion follows. 
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0 Pipel ine Maintenance Cost 
- YEAR MAN-HOURS COSTIMAN - HOUR CCST/Y EAR 
1982 1,040 $19.51 $ 20,290 
83 1,040 20.88 
04 1,040 22.34 
21.71 5 
23,233 
1991 1,040 35.87 37,305 
Pipe1 i n e  Maintenance Cost $ 280,300 
0 Barqe Maintenance Cost ( A p p e n d i d  $2,573,000 
T- $2,853,300 
5.0 OFFLOAOING COST 
Offloading operations f o r  t h i s  opt ion include Safety, Fire, VO, and 
barge Operating functions as i n  Appendix 1. However, upon completion 
of LH2 of f loading a t  Pad A, these personnel must remain a t  t h a t  loca- 
t i o n  f o r  barge offloading t o  Pad B. Off loading a t  Pad B w i l l  requi re  
two addi t ional  pipe1 ine operating personnel for ar ,-Jximately 2 hours 
each. These two addi t ional  personnel a r e  required f o r  control  l i n g  
valves, monitoring pressures, f low rates, etc.  Estimated of f loading 
cost factors and t o t a l  of f loading cost f o r  this ont ion fo l low.  
0 Cost per Barge Transfer Operation 
PERSONNEL HOURS/ TOTAL COS? AT $19.51/ 
FUNCTION PAD A PAD B OPERATION MAN-HOURS MAN-HOUR (1982) 
Safety 1 0 4 4 5 78 
F i  re 4 0 4 16 312 
vo 3 2 5 25 487 
Barge 
Operators 3 0 3 9 176 
Cost per Pipel ine Transfer 51,053 
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0 Baqe/Pi pel  i ne O f f  1 oadi nq Cost 
NUMBER - YEAR COST/TWS FER OF CYCLES OST/ Y EAR 
1982 $1,053 10 $ 10,530 
83 1,125 27 30,402 
04 1,205 30 36,150 
1991 1,935 30 58,050 
Total Off loadlng Cost $41 1,823 
6.0 REWCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, the 
cost-effectiveness o f  t h i s  opt ion i s  reduced dramatical ly. For 
example, a t  20 launches per year, no reduction i n  investment o r  
maintenance costs would be real ized; however, a 50-percent reduction 
i n  operating and of f loading costs could be achieved. As i n  Option 1, 
transfer/eff iciency losses would also be reduced by 50 percent except 
b o i l o f f  losses which would continue a t  a uniform r a t e .  
t o t a l  cost, by category, for t h i s  opt ion a t  20 STS launches per  y e z r  
f o l  1 ows . 
Estimated 
Investment Cost 
Operating Cost  
Maintenance Cost 
Off loading Cost 
$33,009,700 
11,438,100 
2,853,000 
205,900 
Transfer/Eff i  c i  ency Cost 9,602,000 - 
TOTAL COST (20 LAUNCHES~YEAR) $57,108,700 
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APPENDIX 4 
OPTION 4 - BARGEIHOBILE TANKER COMBINATION 
1 .O CONCEPT OF OPERATION 
Option 4 i s  based on LH2 del ivery  by Government-owned barge d i r e c t l y  
from the APCI f a c i l i t y  i n  N e w  Orleans t o  Pad A as i n  Option 1. This 
opt ion d i f f e rs  from Option 1 in tha t  no barge channel o r  docking 
LH2 from 
accompl i shed 
e r  tankers 
f a c i l i t y  f o r  Pad B would be constructed, and t ransfer  o 
the barge a t  Pad A t o  the Pad B storage sphere would be 
using ex is t ing  KSC-owned 13,000-gal LH2 mobile semitrai  
moved by GSA t ractors .  
To support 30 STS launches per year, 670,000 gal o f  LH2 must be de- 
l i ve red  i n t o  the storage spheres a t  Pads A and 2 each round t r i p .  
However, the increase i n  t rans fe r le f f i c i ency  losses t o  approximately 
70,132 gal resu l t i ng  from double pressurization and o f f load ing  c f  the 
barge and mobile tanker combination under +.his option requires tha t  a 
barge w i th  dewars o f  840,000-gal gros, capacity be used (Appendix 2, 
Figure 2-1). A barge o f  t h i s  capacity would s a t i s f y  STS launch re -  
quirements and permit leaving up t o  1,000 gal o f  LH2 "heel" , in  each 
dewar a f t e r  each del  ivery .  
The 13,000-gal LY2 mobile tankers planned for use under t h i s  option 
were b u i l t  f o r  NASA by A P C I  (Figure 4-1). 
i n  use by A P C I  a t  New Orleans and three a're located a t  KSC. Under 
t h i s  option, a l l  seven mobile tankers would be returned t o  KSC and 
would be operated :n two ser ia ls  for onloading from the barge and 
off loading i n t o  the Pad B LH2 sphere manifold. The mobile tankers 
Four tankers are presently 
-1 
have a 13,250-gal gross capacity, stair.less steel inner l iner ,  carbon 
steel  outer she1 1 ,  mylar superinsulation, .75-percent-per-day boi 1 of f  
ra te ,  and a 45-psig maximum operating pressure. A t  45 psig,  the 
estimated onloading and offloading time would be approximately 1.5  
hours plus  1.0 hour travel time. Boiloff losses from the barge t o  
Pad B would be negligible and would permit loading 12,400-gal of LH2 
i n t o  each tanker for the short haul t o  Pad B. Each mobile tanker i s  
equipped w i t h  the NASA, standard 2-inch bayonet f i t t i ng  and the LH2 
spheres a t  Pads A and B each have sufficiertt 2-inch loading manifold 
bayonet connectors and parking spaces for simultaneous offloading of 
up t o  f ive mobile tankers. 
Because of the daylight hour restriction on the Banana River and the 
need to reduce offloading costs,  transfer time from the barge t o  
mobile tankers is  c r i t i ca l .  
Pad B sphere, forty-one mobile tanker deliveries w i t h  a maximum 
12,400-gal LH2 load per tanker are required. 
around time, the use o f  a l l  seven KSC 13,000-gal mobile tankers i s  
considered essential t o  permit of f loading  the barge and transfer of 
a maximum load  of LH2 t o  the Pad B sphere i n  less than 18 hours. Ho 
new construction for mobile tankers would be reqilired, however, A P C I  
barge loading f a c i l i t i e s  would require modification as described i n  
Appendix 1 .  KSC barge channel and f a c i l i t i e s  required ror this  o p t i o n  
would be identical t o  those described i n  O p t i o n  2 .  The proposed barge 
channel and access road for this  op t ion  are shown in  Figure 4-2. 
To provide 500,000 ga l  of LH2 t o  the 
W i t h  a 2.5-hour turn- 
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The barge resupply cycle fo r  this  option starts with each Fad 
storage sphere containing 850,000 gal o f  LH2.  When a launch 
from Pad A occurs, storage i n  Sphere A would be reduced to  350,000 
gal. Nine days la ter  when a launch occurs from Pad B, storage 
would be reduced to 350,000 gal i n  Sphere B. The day following 
the second launch, a barge would arrive and offload 500,000 gal 
by 8-inch V3 pipeline i n t o  Sphere A f i l l i ng  the sphere t o  850,000 
gal. The remaining portion of the barge shipment would be trans- 
ferred t o  13,000-gal (nominal) mobile tankers and delivered into 
Sphere B. After every t h i r d  barge delivery, each storage t a n k  
would contain 850,000 gal. The barge transportation model for  
thfs option i s  shown in Appendix i, Figure 1-4.  The barge and 
fac i l i ty  development schedules for this option are shown in 
Appendix 1 ,  Figures 1-5 and 1-6. 
INVESTMENT COST 
The investment cost associated with this  o p t i o n  includes procure- 
ment and construction of the proposed 840,000-gal barge and asso- 
ciated docking f ac i l i t i e s  for Pad A as detailed in Appendix 2 ,  plus 
procurement o f  seven dedicated GSA t r ac tws .  This 9ption assumes 
the four NASA-owned 15,000-gal LH2 mobile tankers a t  A P C I  would be 
returned and t h a t  a l l  seven mobile tankers would be available a t  no 
additicnal cost. GSA estimates the 1977 cost of tractors with 
sleeper Labs t $41,000 each. Estimated t o t a l  investment cost t o  
the time a t  wh ich  KSC contracts would be awarded follows. 
4 - 3  
3.0 
0 Equtpment 1nvestmen-t 
1976 VENDOR 1981 BUDGET 
ESTIMATE 
$1 2 , 432 , 000 
376 , 20G 
ESTIMATE - 
One BarSe (840,000-Gal Capacity) $8,760,000 
*Seven GSA Tractors 
Total $1 2,808 , 200 
Cost Adjustment Factor (1 0 Percent I $ 1,280,800 
Facility Construction Cost 
1377 ENGINEER- 1981 BUDGET 
- ING ESTIWTE (Ej ESTIMATE (1.62E) 
$3,050 , 000 k 4,s31,300 
296,500 
Pad A Barge Facil i t y  
Derign Fee (6 Percent) 
APCI Dock Modif!cacion (Appendix 1 )  
I 
Total 1nvestme:it Cost 
OPERA i I NG COST 
The operating cost for LH2 delivery under this  option ir.,ludes the 
cost  of the L H 2  barge plus the cost o f  the GSA tractors and mobile 
tankers a t  KSC. The estimated cost o f  LH2 barge operations i s  de- 
ta i led i n  Appendix l .  The cost o f  the 13,000-gal m o i l e  tanker 
transfer frort the Pad A barge f ac i l i t y  t o  the Pad B Lti2 storage 
sphere includes operator personnel and rental costs for the GSA 
tractors.  
a t  500.000 gal per launch equate t o  13,000,000 gal. This quantity 
niust be provided from 30 barge deliveries per year with an averaJe 
o f  27 mobile tanker deliveries per barge t r i p  required t o  main ta in  
Pad B LH2 requirements t o  subport 20 launches por year 
* Assumes seven GSA tandem-axle, diesel t ra i tors  procured f o r  dedicated 
suppor' o f  this or ' fon .  
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Pad B Ut2 sphere levels. Tbe 6SA rate for tractors capable o f  
hauling the 13,OOO-gal nubile tankers i s  $0.28 per Rile plus a 
daily pmrata share o f  a $210 mnthly service charge. One o p s a t o r  
i s  required for each of  the sewn 6SA t ractor /mbile  tanker c o b  
bi--..ions. T k  round t r i p  deltvery t ie is 2.5 hours per moblle 
tanker load. Estimted operating cost factors and combined barge/ 
mobile tanker cost f o l l m .  
0 W i l e  Tanker Operating Cost Factors 
a Average LH;! Vol=/Delivery (Pad 8) . . . . . .) . 333,300 6al 
LH2 Load/l3,000-Gal M i l e  Tanker (6% Ullage) . . 12,400 6al 
Average Mobile Tanker Loads/Barge Delivery. . . . .I . . . 27 
Average W i l e  Tanker Operator Cost/Barge 
Delivery [1982) . . . . . . . . . . . . . . .. . . . . $1,317 
Average GSA Tractor Cost/Barge Delivery (1982). . . . . f 147 
0 b b i l e  Tanker Operating Cost 
BARGE WCINPOUER GSA TRUCK 
YEAR TRIPS COST/TR I P COST/TRI P COST/YEAR 
i 982 10 $1,317 $147 $ 14,640 
03 27 1,409 i 57 42,282 
84 30 1,507 168 50,250 
-
1991 30 2,419 270 80,670 
Mobile Tanker Operatirrg Cost $ 572,500 
0 Barge Operating C o s t  (Appendix 1) $22,800,000 
Total Operating Cost $23,372,500 
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4.0 WIWTEWAWCE COST 
hintenance cost associated wtth t h i s  opt ion tncludes barge cor- 
ros ion control  and r e f w b i s h m t  ucpenses combined with 13,OOO-gal 
mobile tanker maintenance functions including per iodic cryogenic 
tank ref irrbisbwmt, pneuarastat tests, and KSC Adnin is t ra t ion and 
Scheduling (US) costs. The estimated cost o f  barge mintenance i s  
deta i led i n  Appendix 1. Consultation w i t h  AUK0 Cryogenic Services 
and APCI indicates tha t  L b  nob i le  tankers should be refurbished 
every 5 years. Current quotations frm APCI ind icate a cost  of 
$4,500 per tanker f o r  t h i s  service. Examinatior! o f  KSC maintenance 
records f o r  LH2 mobile tankers f o r  1976 indicates an average of 
$2,285 per tanker was expended ( f o r  a11 expenses except refurbishment) 
and tha t  AhS costs were approrimately $10,700. The estimated mainte- 
nance cost factors and maintenance cost fo r  t h i s  option, w i t h  
escalat ion o f  these costs t o  a 1982 t ime of reference, follow. 
0 Hobile Tanker Ehintenance Cost Factors (1976 Do l l a rs1  
COST/YEAR 
Preventive i4a intenance 
110 Man-Hours @ $13.00/Man-Hour . . . . . . . .  $1,430 
Corrective Maintenance 
20.0 an-Hours @ $13.00/Man-Hour. . . . . . . . . .  260 
Nater ia ls (Includes Cleaning) . . . . . . . . . . . .  270 
Major Refurbishment - $4,500 Every 5 Years . . . . .  900 
Pneunastat a t  25 Man-Hours/Year @ $13.00/Man-Hour . . 325 
4-6 
0 Mobile Tanker Wintenance Cost 
IIAINTENANCE/ TANKERS MINTENANCE KSC A&S 
YEAR TANKER/YEAR I #  SERVICE TOTAL COST/YEAR CCST/Y€AR -
1982 $4,780 7 $33,460 $16,058 $ 49,518 
83 5,115 7 35,802 17,182 52,984 
84 5,473 7 38,311 18,385 56,696 
1991 7 61,515 29,522 91,037 
Mobile lanker Maintenance Cost $ 684,000 
0 Barqe Maintenance Cost (Appendix 1 1  
Tota l  Haintenance Cost $3,257,000 
5.0 O F F L S i l I N G  COST 
Off loadina operations for t h i s  opt ion include 5afety, Fire, Vehicle 
h e r a t i o n s  (VO), and barge onerating functions as i n  Appendix 1. 
addit ion, simultaneous o f f load ina  o f  mobile tankers a t  Pad P w i l l  
require addi t ional  F i re ,  5afetv, and YO netsonriel w h i l e  haroe o f C -  
loading a t  Pad A i s  i n  proaress. 
Pad A sphere should average about 1.5 tiours Der barge t r i p .  
o f f load ina  time t o  the 13,000 gal mobile tariI.crs f o r  the Pad f: 
I n  
Total LP2 of f load ing  time f o r  the 
T o t a l  
sphere should average about 16.5 hours per t.,ityC t r i p  under t h i s  
option. F i r e  and Safety personnel a re  required i n  cacti a rea  1 /2  
hour p r i o r  t o  and fol lowing o f f load ing  operations. VO oersoniicl 
am required i n  each area 1 hour p r i o r  t o  arid fo l low ing  off loadina 
operations t o  es tab l i sh  secur i ty,  nrenare the s i t c s  f o r  operat ion,  
and shut down the s i t e s  fo l lowina oncrations. Estimated c o s t  
factors  and total of f load ing  costs fo l low. 
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r Bartae/Flobile Tanker Off loadin9 Oneration ( f l9.51/Hour~ 
l larsl  
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS COST/TRANSFER 
Safety 2 19 38 $ 741 
Fi re  8 19 152 2,965 
vo 6 20 120 2,342 
Barge 
Operators 3 19 57 1,112 
Cost per Barpe/Mobile Tanker Transfer $7,160 
0 Barae/Hobile Tanker Off loadina Cost 
NUMBER 
OF CYCLES COST/ Y EAR 
1982 $7,160 10 $ 71,600 
- YEAR COST/TRANSFER - 
83 7,660 27 206,820 
84 8,136 30 245,880 
1991 13,161 3G 394 ,a30 
Total  Off loading Cost $2,801,097 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, 
the cost-effectiveness o f  t h i s  opt ion i s  reduced dramat ical ly.  
For example, a t  20 launches per year, no reduct ion i n  investment 
o r  maintenance costs would be real ized, however, a 50-percent 
reduction i n  operating and of f loading costs could be achieved. 
4-8 
As i n  Appendix i, transferleffitiency losses would also  be reduced 
by 50 percent except boiloff losses which would continue a t  a 
unfform rate.  Estimated total cost, by category, for  this option 
a t  20 STS launches per year follows. 
Investment Cost $1 9,376,500 
Opera t i ng Cost 11,636,300 
Maintenance Cost 
Offloading Cost 
3,257,000 
i ,400,500 
Transfer/Effic iency Cost i 5,854,000 
TOTAL COST (20 LAUNCHES/YEAR) $51,524,300 
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APPENDIX 5 
OPTION 5 - BARGE/INVENTORY TANK COMBINATION 
1.0 CONCEPT OF OPERATION 
Option 5 i s  based on LH2 delivery by Government-owned barge directly 
from the APCI  f ac i l i t y  i n  New Orleans t o  Pad A as in Option 1.  Direct 
transfer of L H 2  from the barge t o  the storage sphere a t  Pad A would 
be accomplished by VJ pipeline. However, LHz for Pad B would be 
traasferred t o  a 530,000-gal inventory t a n k  located just  outside the 
Pad A perimeter for la ter  transfer t o  the storage sphere a t  Pad B 
a t  the most convenient time i n  the launch schedule. The 530,000-gal 
inventory tank would permit temporary storage of 500,000 gal of L H 2  
for Pad B p l u s  approximately 6-percent ullage. The use of the i n -  
ventory t a n k  would permit rapid offloading and release of the L H 2  
barge (3-hour flow time) as opposed t o  the 18-hour offloading time 
required for transferring directly from the barge to  mobile tankers. 
To support 40 STS launches per year, 670,000 gal of L H 2  must be 
delivered in to  the storage spheres a t  Pads A and 6 each round t r ip .  
However, under this opt ion,  the increase in transferjefficiency 
losses t o  approximately 87,000-gal resulting from t r ip le  pressuriza- 
t i o n  and off!oading of the barge, inventory tank, and mobile tankers 
requires t h a t  a barge with dewars of 850,000-gal gross capacity be 
used (Figure 5-1). A barge o f  this  capacity would sat is fy  STS 
'launch requirements and permit leaving up t o  1,300 ga l  o f  LH2 "heel" 
in each dewar af ter  each delivery. The proposed 530,000-gal L H 2  
inventor\) tank  would be spherical i n  shape with double steel w a l l  
5- 1 
construct ion s i m i l a r  t o  the ex is t ing  storage spheres a t  Fads A 3nd 6. 
The inner sphere would be approximately 54.5 feet i n  diameter and the 
outer sphere 63.5 f e e t  i n  diameter. The annular space would be f i l l e d  
wi th p e r l i t e  powder insu la t ion  evacuated below 50 microns. The i n -  
ventory tank b o i l o f f  r a t e  would be less than .5 percent per day. 
The seven 13,000-gal LHz mobile tankers planned f o r  use under t h i s  
opt ion include four  present ly i n  use by A P C I  a t  New Orleans and the 
three located a t  KSC as i n  Appendix 4. Under t h i s  option, a l l  seven 
mobile tankers would be returned t o  KSC and would be operated i n  
two ser ia ls  f o r  onloading from the inventory tank and o f f load ing  i n t o  
the Pad B LH2 sphere manifold. A t  45-psig, the estimated onloading 
and of f loading time would be approximately 1 hour each w i t h  l -hour 
iB 
round t r i p  t rave l  time. B o i l o f f  losses from the barqe t o  Pad B 
would be n e g l i y i b l e  and would permit loading 1?,400 gal o f  LH2 i n t o  
each tanker f o r  the short  haul t o  Pad B. The inventory tank would be 
equipped w i t h  s u f f i c i e n t  2-inch loading manifclld bayonet connectors 
and parking spaces f o r  simultaneous onloading o f  f i v e  mobile tankers. 
Except f o r  the inventory tank, KSC barge channel and f a c i l i t i e s  
required f o r  t h i s  opt ion would be ident ica l  t o  those described i n  
Option 2. 
t h i s  opt ion are shown i n  Figure 5-2. 
The proposed barge channel and inventory tank loca t ion  fo r  
The barge resupply cycle s t a r t s  w i th  each pad storage sphere con- 
ta in ing  850,000-gal o f  LH2 and the inventory tank containing 500,000- 
gal .  
reduced t o  350,000 gal. 
When a launch from Pad A occurs, storage i n  Sphere A would be 
Nine days l a t e r ,  when a launch occurs f r o m  
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Fad B, storage would be reduced t o  350,000 gal i n  Sphere B .  The 
day fol lowing the second launch, a barge would a r r i v e  and o f f l o a d  
500,000 gal by 8-inch VJ p ipe l ine  i n t o  Sphere A f i l l i n g  the sphere 
t o  850,000 gal. The remaining por t ion o f  the barge shlpment would 
be transferred t o  the inventory tank. Subsequently, LH2 i n  the 
inventory tank wouid be transfr;i-;.ed t o  13,000-gal (nominal ) mobile 
tankers and del ivered i n t o  Sphere B. A f t e r  every t h i r d  barge de- 
l i v e r y ,  each storage tank would contain 850,000 gal. The barge 
transportat ion model f c r  t h i s  opt ion i s  shown i n  Ap7endix 1, Figure 
1-4. The barge and f a c i l i t y  development schedules f o r  t h i s  opt ion 
are shown i n  Appendix 1, Figures 1-5 and 1-6. 
2.0 INVESTMENT COST 
The investment cost associated wi th t h i s  opt ion includes prccwement 
and construct ion of the proposed barge and associated docking f a -  
c i l i t i e s  a t  Pad A, procurement o f  seven dedicated GSA t ractors ,  
and constr-uctior o f  the 500,000-gal LH2 inventory tank and (1,;loadfng 
f a c i l i t y .  Estimated cost o f  the proposed barge, docking f a c i l i t i e s ,  
and G S A  t rac to rs  i s  deta i led i n  Appendix 4. Fo r  the 850,000-?a1 
barge, a proport ional  :ost increase o f  $104,000 i s  added under t h i s  
option. 
o f  a 530,000-gal (500,000 plus 6-percent u l lage)  LH2 sphere a t  
$3,150,000 including the cost o f  associated p ip ingand nub i le  tanker 
onloading nuni fo lds.  
NASA 13,000-gal LH2 mobile tankers a t  A P C I  would bc rpturncd and 
that  a l l  seven mobile tankerc vould he avai lable a t  no adai t ional  
The Chicago Bridge and I ron  Company estimates the 1977 c o s t  
1) 
As i n  Option 4, t h i s  option assumes the four 
5-3 
tnvestment cost. Estimated t o t a l  investment cost  t o  the  t h e  a t  
which KSC contracts would be auardedYol1ows. 
0 Equipment Investment 
1976 VENDOR 1981 BUDGET 
ESTIMATE ESTIMATE 
One Barge (850,000-Gal Capacity ) $8,864,000 $1 2,432,000 
Seven GSA Tractors 
0 Total # 
376,200 
$1 2,808,200 
0 - Cost Adjustment Factor (1PPercent) $ 1,280,803 
0 F a c i l i t y  Construction Cost 
1977 Et'GINEER- 1981 RUDCET 
ING ESTIMATE ( E )  ESTIMATE (1.62E) 
Barge Faci 1 i ty  $3,050,000 $ 4,941,000 
500,000-Ga 1 Inventory Tank 3,150,000 5,103,000 
Total 5 1 0,044.00 0 
0 design Fee (6  Percent) 602,690 
0 APCI  Dock Modif icat ions m e n d i x  1 )  50 000 
- Total Investment I Cost $24,785,700 
3.0 OPERATING COST 
The operating cost o f  LH2 del ivery  under t h i s  opt ion includes the 
cost o f  barge transportat ion plus the cclst o f  GSA t r a c t o r  an8 mobile 
tanker de l i very  t o  Pad B. 
ndrge and GSA t r a c t o r  i s  deta i led i n  Appendix 4. As the operating 
costs f o r  GSA tractor/nrobi le tanker de l ivery  from e i t h e r  the b a r g e  
The estimated ckerat ing cost f o r  the LH: 
o r  inventory tank a t  Pad A t o  Pad 6 are assumed t o  be equal un..er 
t h i s  option, estimated operating costs f o l l o w .  
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0 Barqe Operatinq Cost LAppendix Q) $22,800, mo 
0 Mobile Tanker Operatina Cost ( A p e  ew&c.l) $ 572,500 - 
Totai Operating Cost $23,272,500 
4.0 MAINTENANCE COST 
Maintenance cost  associated di  t h  :his o p t i o n  incl  odes barge cor- 
rosion control an '  refurbishment expenses combined w i t h  13,000- 
gal mobile tanker maintenance functic. is ,  KSC Administration and 
SchedLiiing (ALS) costs ,  and inventory t a n k  maintenance costs. The 
estimated cost o f  LHz barge maintenance i s  detailed i n  Appendix : .  
The estim-d cost o f  mobile tanker maintenance and A55 c o s t  are 
associated w i t h  t h e  
s assumed t o  include repa nt iua  every 10 venrs 
and iostrumentation tes ts  and  ndjustnient. The  
for F. n t i n g  the LH? inventoi-y t a n i  i s  $25.000. 
Maintenas -0 of valves and 7s:w:;ientotion i s  exrectett t o  require 
the presence o f  one i n d i v i d u a l  f o r  appi*oxisiatt ' lJ, ,'O hours per r w l ,  
t e  . Est iniat e(? conibi neJ n u  i ri tenaice cos  t 
detaTed i n  Appendix 4 .  The maintenalice cost 
LH2 inventory tank 
plus periodic valve 
1977 price estiriiate 
a t  the inventory t a n k  s 
f o r  t h i s  op t ion  follows 
0 Inventory lank Resu-hllars) $ 49,m 
0 Inventory lank Maintenance Cost 
COSTEN-HOUR COST/Y EAR -  - YEAR MN-HOURS 
1982 1,040 $19.51 $ 20,290 
63 1,040 20.88 21,715 
84 1 ,oQo 22.34 23,233 
1991 1,040 35.87 37,305 
Inventory Tank Maintenance Cost $ 280,000 
0 Barqe/Tanker t4aintenance Cost (Appendix 4) $3,257,000 
Total Maintenance CoTt  $3,586,000 
5.0 OFFLOADING COST 
Offloading operations for t h i s  option include Safety, Fire, Vehicle 
Operations (VO),  and barge operating functions for offloading into 
both the Pad A Lf:2 sphere and the inverltory t a n k  and for subsequent 
transfer from the inventory t a n k  to the Pad B LH2 sphere. Total 
barge offloading time for Pad A and the inventory t a n k  should  average 
?pproximately 3 hours. Transfer of LH2 from the inventory tank  t o  
Pad B will be accomplished using the seven KSC 13,000-gal mobile 
tankers i n  serials of 4 and 3 tankers each. Total time for onloading 
the 13,000-gal mobile tankers from the inventwy t a n k  and offloadir! 
into the Pad B sphere should average approximately 18 hours, however, 
offloading teams are required in b o t h  areas simultaneously. Fire and 
Safety personnel are required f n  each area 1/2  hour prior t o  and 
following offloading operations. VO personnel are required i n  each 
5-6 
area 1 hour prior to 8nd following off lordlng operations t o  
cftrbllsh security, pnprn the s i tes  for  operathn,  and shut 
darn the sites f o l m i n g  aperrtions. Estimated cost factors and 
t o t a l  of f lord ing costs follow. 
ventorx Tank Offloadinq oP_er at ion  
Dol 1 arsl 
WRS/ TOTAL 
FUWCTION PERSOHNEL OPERATION _L- WN-HOURS --- COST/TRANSt-Eff 
Safety 2 40 80 $1,560 
F i re  8 40 320 6,243 
vo 6 41 246 4,799 
Barge 
Operators 3 3 9 176 
&rpe/Inventory lank Transfer Cost 512,778 
0 Barge/Inventory TanYHobile Tanker Offloadinq - Cost 
I_ YEAR COST'TJTRANSFER 
1982 $12,778 
83 13,672 
84 14,629 
-- - -  
1991 23,490 
NUKBER 
O f  CYCLES i O S T / Y  EAR 
10 $ 12,790 
-__I 
27 
30 
369,144 
438,910 
Total O f f l o a L i s  Cost 
_---__CI I_ $4,999,600 
6.0 REDUCED LAUNCH RATE SENSITWIT) 
For an STS launch frequency o f  less than 40 launches per year, the 
cost-effectiveness of t h i s  option i s  reduced dramatically. For. 
example, at 20 launches per year, no reduction i n  investment 
5 - 7  
or maintenance costs would be realized, b v e r ,  a SO-percmt reduc- 
t i o n  i n  operating and offloading costs could be achieved. As i n  
Appendix 1. t r m s f w / e f f i c i e n c y  losses would a lso be reduced by 50 
percent except barge and inventory tank bcl;off losses which would 
continue a t  a uniform rate. E s t i s t e d  m t a l  cost, by category, for  
t h i s  option a t  20 STS launches per year f o l l a r s .  
Investaent Cost $24,891.600 
Operating Cost 11,636,200 
Maintenance Cost 3,586,000 
Off lord ing Cost 2,499,800 
Transfet/Eff ic iency Cost 15,854 ,ooO 
TOTAL COST (20 UWNCHES/YEAR) $58,467,600 
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APPENDIX 6 
OPTION 6 - 13,000-GAL MOBILE T A N K E R / C M N  CARRIER 
1 .O CONCEPT OF OPERATION 
Option 6 is based on the use of KSC-owned standard 13,000-gal mobile 
tankers to  deliver LH2 from APCI directly to  the storage spheres a t  
Pads A and B (Appendix 4,  Figure 4-1). Delivery would be f.0.b.  
origin w i t h  transportation by c m n  carr ier  tractors.  To provide 
500,000-gal of LH2 per launch cycle and to  compensate fc r  50,260 gal 
o f  transfer/efficiency losses, 48 mobile tanker loads would be re- 
quired. Delivery of LH2 into storage spheres a t  Pads A and B would 
be permitted only during days 1 through 7 o f  the launch cycle w i t h  
no deliveries on the day preceding the (or the actual)  launch date. 
To achieve this delivery rate ,  twenty mobile tankers operating i n  
five sets  o f  four tankers every 12 hours would be required. 
LH2 spheres have sufficient 2-inch manifold connections for simul- 
taneous onloading of six mobile tankers. 
pressures t o  minimize transfer losses a t  APCI requires 3 hours per 
13,000-gal mobile tanker for onloading ,  and the f i l l i n g  of mobile 
tankers for other users further l imits manifold time available. 
KSC 
However, the use of lower 
Under this o p t i o n ,  the four KSC mobile tankers presently i n  APCI 
possession would be returned to  KSC a f t e r  31 March 1979. 
existing KSC tankers, combined w i t h  the purchase of fourteen (one 
for maintenance spare) new mobile tankers would provide the minimum 
L H 2  f l ee t  transport capability. Under this  o p t i o n ,  each 13,000-gal 
LH2 mobile tanker would be loaded w i t h  11,700 gal  o f  LH2 by APCI 
The seven 
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(assuming 6-percent ullage and a d-percent water density safety f i l l  
factor).  Depressurization, boi loff ,  and other transfer losses would 
amount t o  approximately 1,050 gal.  Each mobile tanker should then 
deliver approximately 10,500 gal o f  LH2 into the KSC storage spheres 
each round trip w i t h  150 gal o f  "heel" retained i n  each tanker. 
achieve the desired delivery rate ,  the tankers would operate on a 
56-hour round trip delivery schedule w i t h  12 hours for onload/offload 
a t  A P C I  and KSC and 16 hours enroute each direction. A round trip 
distance between KSC and A P C I  o f  1,386 miles and the current APCI 
mileage rate  using KSC mobile tankers f.0.b. A P C I  would be used t o  
compute transportation costs. A proposed t r a f f i c  model to  support 
the 13,000-gal LH2 mobile tanker option is shown i n  Figure 6-1. Wi th  
this t r a f f i c  model, approximately 1.5 days o f  maintenance time would 
be avallable dur ing  days 7 and 8 of each 9-day launch cycle. The 
equipment development schedule for this option i s  shown i n  Figure 6-2. 
TO 
The proposed launch cycle would begin w i t h  the LH2 storage spheres 
a t  Pads A and B each containing 850,000 gal of LH2. When a launcn  
frm Pad A occurs, storage i n  Sphere A would be reduced to  350,000 
gal. Beginning the day following launch  and continuing fo r  the next 
6 days, four 13,000-gal LH2 mobile tankers would arr ive every 12  hours 
u n t i l  the storage level i n  Sphere A is  returned t o  850,000 g a l .  
same procedure would be repeated f o r  each launch from Pad B. 
The 
6-2 
2.0 INVESTMENT COST 
The estimated investment cost to support this option consists 
o f  the purchase of fourteen additional 13,000-gal LH2 mobile 
tankers and expansion o f  the KSC LH2 mobile tanker parking/ 
maintenance facility. 
quired, the seven existing KSC tankers are assumed to be 
available and serviceable in 1982. Cost estimates (1977 dollars) 
for additional 13,000-gal LH2 mobile tankers were obtained from 
the following companies. 
A1 though twenty-one mobile tankers are re- 
APCI . . . . . . . . . . . . . . . . . $296,500 
LOX Equipment Company . . . . . . . . $250,000 
Russell Engineering Company . . . . . $225,000 
Based upon this range o f  estimates, an average price o f  $257,000 
was selected for this study. 
the cost for constructing a maintenance hardstand for LH2 rechargers 
and for extending the existing LH2 mobile tanker maintenance hard- 
stand to accomnodate up to 24 semitrailer units at $50,000. Pro- 
jected estimates of investment cost to, the time KSC contracts 
would be awarded fcllows. 
KSC Design Engineering (DE) estimates 
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0 lguipment Investment 
1977 VENDOR 1951 BUDGET 
EST IMATF. 
.P --- ESTIMATE - 
Fourteen 13,000-Gal LH;! 
Mobile Tankers $3,598,000 $4.71 6,200 
0 Cost Adjustment Factor 
{IO Percent) $ 471,600 
0 Facility Construction Cost 
1____-1__ 
1977 ENGINEER- 1981 BUDGET 
ING ESTINATE1E) -- ESTINATE (1.62E) 
Mobi 1 e Tanker Maintenance 
Hardstand $50,000 $ s1,or)o 
0 Desiqn Fee (6 Perceng $ 4,500 
Total 11. r\stnient Cost $5,273,600 
.- 
3.0 OPERATING COST 
The operating cost for LH2 deltvery under this opt ion consists of 
conmn carrier tnilenge costs and APCI Terminal and Administration 
( T U )  costs for f .0 .b .  origin operations. Due t o  cancellation of 
the LH2 coiinwn carrier contract by Matlack, no precise mileage cost 
presently exists.  As a resul t ,  the 1952 niileage rate for GOCO 
tilobile tanker delivery (Schedule B .  Contract NASB-31034) i s  used 
i n  this study a s  an estimated cotmn carrier rate. A P C I  T&A 
cost for. f . 0 . b .  oriyin delivery was estimated nt $32,100 per year 
in 1976. 
costs for AFCl pwsonticl perfortiiincl ddniinisti*,itive processing o f  
T h i s  figure included ssldry, o f f i c e  spdce. ,ind associated 
factors and tol.il optvating cost for t h i s  option t o 1  1 0 h ~ .  
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0 Operatlng Cost Factors 
Mileage Rate (NAS8-31034) . . . . . . . . $l. lZ/Mi le (1982) 
Mileage (Round T r i p )  1,386 
Tanker Loads Required . . . . . . . . . . 48/Launch' Cycle 
. . . , . . . . . . . . . . . 
0 Comnon Car r ie r  Cost 
COST/ ROUND COST/ Y EAR 
YEAR MIL; MILES T U  COSTS TRIPS F.O.B. ORIGIN - - - -I__ 
1982 $1.12 1,386 $48,173 624 $ 968,647 
83 1.20 1,386 51,546 1,728 2,874,009 
84 1.28 1,386 55,154 1,920 3,406,233 
1991 2.06 1,386 88,565 1,920 5,481,907 
Comnon Carr ier  Cost $38,836,000 
0 APCI  T U  Cost 665.500 
Total  Operatinq Cost $39,501,500 
4.0 MAINTENANCE COST 
Maintenance cost associated w i th  t h i s  opt ion includes mobile 
tanker maintenance and refurbishment cost, brake and t i r e  mainte- 
nance cost, and KSC Administrat ion and Scheduling (A&S) cost. 
Based upon KSC maintenance records and current  A P C I  re fu rb ish ing  
p r i c e  quotations, the 1982 mafntenance cost f o r  each mobile 
tanker i s  estimated a t  $4,780 (Appendix 4). A&S costs f o r  
c l e r i c a l  sa lary  and maintaining administrat ive records o f  
mobile tanker operations a t  WC by contractor personnel are 
estimated a t  $16,058 per year by 1982. No maintenance data 
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for mobile tanker t i r e  and brake costs under h igh mileage condi- 
t ions  present ly  ex is t ,  however, KSC Transportation Services has 
provided estimates o f  cost  factors  as indicated i n  the  fo l low ing  
estimated cost  factors and t o t a l  maintenance cost f o r  t h i s  option. 
0 T i r e  and Brake Cost for One Mobile Tanker 
T i r e  Service L i f e  . . . . . . . . . . . . .  100,000 Mi les 
Cos t / T i  r-.! . . . . . . . . . . . . . . . . . . . . .  $1 50 
Tires/Tanker . . . . . . . . . . . . . . . . . . . .  8 
T i r e  Cost: (8) (150) = $0.012/Mile 
Brake Cost: $250 = $.025/Mile 
T i r e  and Brake Cost = $.037/Mile 
0 T i r e  and Brake Cost (14 Mobile Tankers) 
VEAR 
1982 
83 
84 
-
-- 
1991 
COST/MILE MILES/TRIP TRIPS C O S T I Y U  -
$. 052 1,386 624 $ 44,972 
.055 1,386 1,728 131,725 
.059 1,386 1,920 1 57,006 
.095 1,386 1,920 252,806 
T i r e  and Brake Cost $1,788,200 
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0 Mobile Tanker Maintenance - Cost (14 Tankers In Service)+ 
- YEAR TANKER/ Y EAR- TOTAL MAINTENANCE/ MAINTENANCE KSC AbS COST/ Y EAR COST/ Y EAR -
i 982 $4,780 $66,920 $1 6,058 S 82,978 
83 5,115 71,610 17,182 88,792 
84 5,473 76,622 18,385 95 , 007 
1991 a ,7813 123,032 
Mobile Tanker Maintenance Cost 
Tire and Brake Cost 
Maintenance Cost 
29,522 152,554 ~ -. , 
$1 ,i 1 
5.0 OFFLOADING COST 
Offloading operdions for th is  opt ion include Safety, Fire, Vehicle 
Operations (V@f, and moD<le tdnker operating functions. 
Forty-eight 13,000-gal mobile tanker loads of LH, are required eac? 
launch cycle. For of f loading  purposes, these mobile tankers will 
arrive i n  twelve sets  of four tankers each. The f i r s t  set  of four 
mobile tankers will arrive a t  KSC on the nrorning following an STS 
launch. 
evelsy 12  hours until the LH2 sphere i s  ref i l led t o  850,090 g a l .  
Twelve separate offloading operations every 1 2  hours for 6 consecutive 
days would be required. 
connected t o  the =-inch intake manifolds a t  the LH- spheres a t  Pads 
A alid 8, pressurized t o  45 psig, and of f loaded  i n  approximately 1 h o u r .  
F i r e  and Safety personnel are required i n  each area 1/? hour p r i o r  t o  
and following offloading operations. VCI personnel are  required i n  
L 
The remaining eleven sets  o f  mobile tankers will arrive 
For of f loading ,  four nlobile tankers w i l l  be 
*Maintenance for the 7 existing KSC 13,000-gal mobile tankers not shown. 
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each area 1 hour p r i o r  t o  and fol lowlng o f f load ing  operations t o  
es tab l i sh  security, prepare the s i t es  for  operation, and shut down 
the s i t e s  fol lowing operations. 
off loading costs fol low. 
@ Offloading Cost Per Launch Cycle ($19.5l/Hour 1982 Do l la rs )  
Estimated cost fa:tors and t o t a l  
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS 
Safety 1 2 24 
F i r e  4 2 96 
vo 3 3 108 
Vehicle 
Dr ivers 
0 
4 2 96 
Off loading Cost per Launch Cycle 
0 Mobile Tanker Off loadins Cost 
NUMBER - YEAR COST/TRANSFFS 3F CYCLES 
1982 $ 6,321 13 
83 6,763 
84 7,236 
36 
40 
1991 17,620 40. 
Total Offloading Cost 
1,873 
2,107 
1 873 
$6,321 
3 
COST/Y EAR 
$ 82,173 
243,468 
289,440 
464,800 
$3,295,000 
6.0 REDUCED LAUNCH RATE SENSITIV I T Y  
For an STS launch frequency of less than 40 launches per yeap, the 
cost-effectiveness of t h i s  op t ic  i s  increased s ign i f i can t l y .  For 
example, a t  20 launches per year, the purchase o f  only one addit ional 
6-8 
13,000-gal mobile tanker uould be required. T h i s  tanker, combined 
w i t h  the seven existing KSC mobile.tankers on a 56-hour round t r i p  
schedule would be more than adequate. The reduced mobile tanker 
f l e e t  would permit a 60-percent reduction in maintenance and a 
50-percent reduction i n  operating and offloading costs. Transfer/ 
efficiency losses would also be reduced by 50 percent except boil- 
off losses which would continue a t  a uniform rate.  Estimated total  
cost, ~y category, for this option a t  20 STS launches per year 
fol lows. 
Investment Cost $ 336,800 
Operating Cost 19,755,800 
Maintenance Cost 1,147,200 
Offloading Cost 1 ,647,500 
TransferjEfficiency C o s t  7,003,000 
TOTAL COST (20 lAUNCHES/YEAR) $29,890,300 
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APPENDIX 
OPTION 7 - 13,000-GAL HOBIlE TANKER/GOCO TRACTORS 
1 .O CONCEPT OF OPERATION 
Option 7 is based on the use o f  KSC-owned 13,000-gal mobile tankers 
to transport LH2 from APCI dtrectly to the storage spheres at Pads 
A and B. This option is identical to Option 6 except that GSA 
GOCO trucks would be used i n s a d  of comnon carrier to transport 
the mobile tankers. 
As the numbers and types o f  13,000-gal mobile tankers and lcdds of 
LH2 required are the same, the maintenance, offloading, and transfer 
losses are also identical to those of Appendix 6. However, the 
requirement for GSA-pro!’ided tractors and contractor-provided driver 
personnel presents special investment and operating cost consider- 
ations. The proposed traffic model to support this option is shown 
in Appendix 6, Figure 6-1. 
permit 2 days of maintenance downtime during each 9-day launch cycle. 
The proposed LH2 resupply cycle is identical to Option 6 and would be 
conducted only during days 1 through 7 o f  the launch cycle. 
The 56-hour round trin schedule would 
2.0 INVESTMENT COST 
The estimated investment cost to support this option consists of the 
purchase o f  fourteen additional 13,000-gal LH? mobile tankers, ex- 
pansion o f  the LH? iilobile tanker parking/maintenance hardstand 
facility, and GSA procurement o f  twenty tandem-axle diesel tractors 
with sleepers. 
(twenty operational, one spare), the seven e x i s t i n g  KSC 13,000-gal 
Although twenty-one mobile tankers are required 
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mobile tankers are assumed t o  be avai lab le and serviceable i n  1982 
a t  no addi t ional  charge. The estimated investment COSL f o r  mobile 
tankers and the expanded parking/mintenancc hardstand i s  de ta i led  
i n  Appendix 6. KSC Transportation Services estimates the cos t  of 
the tandem-axle d iesel  t rac to rs  w i t h  sleepers a t  $41,000 i n  1977 
dol lars .  With an expected useful l i f e  c?f !ii)O,i)OO miles, two s e t s  
o f  diesel t rac to rs  would be required during the period 1982 through 
1991. Maintenance of the d iesel  t rac to rs  would be performed by GSA 
i n  the ex i s t i ng  KSC f a c i l i t y  w i th  no addi t ional  construct ion or 
f a c i l i t y  requirements. 
time KSC contracts would be awarded follows. 
The investnwnt cost f o r  t h i s  opt ion a t  the 
0 lpuipment I n v e s t - ?  
1376 VENROR 
ESTIMATE -- - - 
Fourteen Mobile Tankers 
(Appendix 6) $3,598,000 
Twenty GSA T r a c t o r s  With 
Sleepers ($53,742 each - 19Sl) 8:0,000 
0 Cost Adjust1 mt Factor -.-- Percent] - 
0 FaciliLy_Constr.uction _- ------ Cost 
-- -- -.- - -  -- -. 
1377 ENGINEER- 
ING ESTIMATE (E) -. --- .-- .
Mobile Tdnker Maintrnsn:e 
Hards t arid (Append i x 6 )  $ 50,000 
0 -- Desi ln -_ Fee - - - -  c6 - - -  Pet*cciit_1 . ---  
Tota l  Investment Cost  
._I--- --_ - - _  - . _I.. 
$4.71 6.200 
-+- 1.074 - -_. .:GO - 
$5.791.000 
579,100 
l9Sl BUDGL? 
-- ESTIMATE . - - . . . (1.6L't . - J 
3.0 OPERATING COST 
The operating cost for this option consists o f  driver cost, GSA 
tractor cost, and APCI Terminal and Administration ( T U )  cost. 
Driver cost is  based on 40 hours o f  actual driving time f o r  each 
mobile tanker round trip. Safety regulations require the driving 
time be divided between two individuals. The standard hourly waqe 
used is $19.51 i n  1982. The 1977 GSA charges for tandem-axle 
diesel tractors are presently $0.28 per mile plus a prorata share 
o f  a service charge o f  $180 per month. The $0.28 per mile i n -  
cludes fuel and cost of maintenance which  is  performed by GSA. 
The $180 monthly service charge is used by G S A  t o  accumulate funds 
to  purchase replacement vehicles when the existing tractors wear 
out.  Due to the recent price increase o f  tandem-axle diesel 
tractors, the GSA service charge is expected t o  increase to $240 
by 1982. The $0.28 mileage charge i s  based on a 1977 KSC diesel 
fuel cost o f  $0.40 per ga l .  As GSA Lrucks operating between KSC 
and APCI would require enroute refueling a t  $0.54 per gal for 
diesel fuel (price quotes from Standard, Gul f ,  and Shell Oil sources), 
the GSA mileage charge would be increased t o  approximately $0.32 
per mile (1977 rate) for tramporting LH2 nmbile tankers. 
TU charges for this op t ion  are identical t o  those detailed i n  
Appendix 6 .  Operating cost factors ar,d the estimated c o s t s  for 
this op t ion  follow. 
The APCI  
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8 Operating Cost Factors 
Driver Cost . . . . . . . . . . . . .  .$19.51/Hour. c1982 Dollars) 
Tractor Cost (d i leage) .  . . . . . . . .  $0.45/Mile (1982 Dollars) 
Trac tor  Cost (Service Charge) . . . .  $4,04O/Year (1982 Dol lars )  
Mileage (Round Tr ip )  . . . . . . . . . . . . . . . . . . .  1,386 
Tanker Loads/Launch . . . . . . . . . . . . . . . . . . . . .  48 
Driver Hours/Round Tr ip  . . . . . . . . . . . . . . . . . . .  40 
0 GOCO Trac tor  Operating Cost 
ROUND TRIPS MILEAGE SERVICE 
YEAR /YEAR COST/Y EAR CHARGE COST/YEAR 
1982 624 $ 389,188 $ 80,786 $ 469,974 
-
a3 1,728 1,149,603 86,442 1,236,045 
84 1,920 1,383,782 92,493 1,476,275 
1991 1,920 2,208,729 748,523 2,357,252 
GOCO Tractor  
Operat i ng Cost $1 5,616,112 $977,379 $1 6,593,500 
0 Driver Operating Cost 
YEAR LAUNCHES COST/MAN-HOUR COST/Y EAR 
1982 13 $1 9.51 $ 486,970 
-
83 36 20.88 1,443,226 
84 40 22.34 1,715,712 
1991 40 7,;. 87 2,754,815 
Driver Operating Cost $1 9,530,500 
0 APCI T U  Cost (ADDendix a 665,587 
Total Operatinq Cost $36,789,600 
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4.0 MAINTENANCE COST 
Maintenance cost associated with this option includes mobile 
tanker maintenance and refurbishment cost, trailer brake and 
tire maintenance cost ,  and KSC Administration and xhedul ing 
(APS) costs. Each o f  these costs is detailed in Appendix 6. 
Maintenance cost for  GSA trucks is included in the $0.32 mile 
operating cost. Estimated maintenance cost for this option 
follows. 
@ Mobile Tanker Maintenance and A I S  C&$ 
Uppendix 6) $l,146,5i)O 
0 Tire and Brake Cost (Agqendix 6) 1 ,788,200 
Total Ma!ntenancc Cnyct $2,934,700 
5.0 OFFLOADING COST 
Offloading operations for this option include Safety, Fire, Vehicle 
Operations ( V O ) ,  and mobile tanker operating functions as in Option 
6. 
factors, and offloading costs are detailed in Appendix 6. 
The proposed offloading concept, persorinel requirements, c o s t  
0 Mobile Tanker Offloading Cost 
NUMBER - YEAR COST/TRRNSFER OF CYCLES -- C @ S K Y  --. E A R  
1982 $6,321 13 $ 8Za’73 
83 6,763 36 243,468 
04 7,236 40 289,440 
1991 11,620 40 - 464,800 
Tota l  Offloading - Cost $3,295,000 
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6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency of less than 40 launches per year, the 
cost-effectiveness of thls option is increased significantly. Fot- 
example, at 20 launches per year, investment costs could be reduced 
to the purchase of one additional 13,000-gal mobile tanker to augment 
the existing KSC fleet of seven tankers and the purchase of eight GSA 
tandem-axle diesel tractors. Maintenance costs could be reduceu by 
60 percent by reducing the mobile tanker fleet from twenty-one to 
eight units and a 50-percent reduction could be achieved in operating 
and offloading costs. Transfer/efficiency losses would also be re- 
duced by 50 percent excclpt boiloff losses which would continue at 
a uniform rate. 
at 20 STS launches per year follows. 
Estimated total cost, by category, for this option 
Investment Cost $ 766,700 
Opera t i ncj Cost 18,394,800 
Maintenance Cost 1,147,200 
Offloading Cost 1 ,647,500 
Transf er/Eff ic iency Cost 7,003,000 
TOTAL COST (20 LAUNCHES/YEAR) $28,959,200 
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OPTION 8 - 19,700-GAL MOBILE TANKER/COMMON CARRIER 
1 .O CONCEPT OF OPERATION 
Option 8 i s  based on the use of KSC-owned 19,700-gal mobile tmkers  
t o  de l i ver  LH2 from APCI  d i r e c t l y  t o  the storage spheres a t  Pads A 
and B (Figure 8-1). Del ivery would be f .0 .b .  o r i g i n  w i t h  transporta- 
t i o n  provided by cOmmOn c a r r i e r  t ractors.  
The 19,700-gal volume represents the maximum capacity possible i n  
terms of LH2 mobile tanker s ize  and weight r e s t r i c t i o n s  imposed by 
DOT and State highway regulat ions without requ i r ing  special overize 
o r  overweight permits and authorizations. Thc proposed 19,700-gal 
mobile tanker would requi re rectangular construct ion w i t h  a super- 
insulated stainless steel  inner l i n e r ,  carbon steel outer vessel, 
0.5-percent-per-day maximum evaporation r a t e ,  and 60-psig operating 
pressure. 
To provide 500,000 gal o f  LH2 per launch cycle and t o  compensate 
f o r  49,400-gal t r a n s f e r l e f f i c i e n c y  losses, 32 mobile tanker loads 
wouid be required. Del ivery o f  LH2 i n t o  storage spheres a t  Pads A 
and B would be permitted only on days 1 through 7 o f  the launch cycle 
w i t h  no del iver ies on the day precading the (or the actual )  launch 
date. 
i n  three sets o f  four  tankers every 12 hours w i th  a 20-hour gap 
between waves would be required. 
2-inch manifold connections f o r  simultaneous of f loading o f  up t o  
f i v e  mobile tankers and APiI has s u f f i c i e n t  2-inch manifold connec- 
t ions f o r  simultaneous onloading o f  up t o  s i x  mobile tankers. 
To achieve t h i s  del .qery rate,  twelve niohile tankers operating 
KSC LH2 spheres have s u f f i c i e n t  
However, the use of lower pressures t o  minimize transfer losses a t  
APCI requires 3 hours per each 19,700-gal mobile tanker for onload- 
ing. 
Under this opt ion,  KSC would purchase thirteen new 15,700-gal mobile 
tankers (twelve operational - one maintenance spare) which  would 
provide more than adequate LH2 fleet transport capabi 1 i ty.  Under 
this option, each 19,700-gal LH2 mobile tanker would be loaded with 
17,600 gal of LH2 by APCI (assuming 6-percent ullage and a 6-percent 
water density safety f i l l  factor). Depressurization, boiloff, and 
other transfer losses would amount t o  approximately 1,500 gal. 
mobile tanker should then deliver approximately 16,000 gal of LH2 
i n to  the KSC storage spheres each round trip with 100 gal of "heel" 
retained i n  eich tanker. To achieve the desired delivery rate the 
tankers would operate on a 56-hour round trip delivery schedule w i t h  
12  hours for onload/offload a t  APCI ; i d  KSC and 16 hours enroute each 
direction. A round trip distance between KSC and APCI of 1,386 miles 
and the current APCI mileage rate using KSC mobile tankers f .0.b.  
APCI woirld be used t o  compute transportation costs. A proposed 
traffic model t o  support the 19,700-gal LH2 mobile tanker option is 
shown i n  Figure 8-2. With this traffic model, approximately 1 .5  days 
of maintenance time would be available during days 7 and 8 of each 
9-day launch cycle. The equipment development schedule for th i s  
option is shown in Figure 8-3. 
Each 
The proposed launch cycle would begin with the LH2 storage spheres 
a t  Pads A and B each containing 850,000 gal of LH2. When a launch 
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from Pad A occurs, storage in Sphere A would be reduced to 350,000 
gal. Beginning the day followin,: launch and as indicated in the 
traffic diagram, eight wave5 o f  four 
would arrive until the storage level 
850,000 gal. The same procedure wou 
from Pad 6. 
19,700-gal LH2 mobile tankers 
in Sphere A is returred to 
d be repeated for each aunch 
2.0 INVESTMENT COST 
The estimated investment cost to support this option consists of 
the purchase of thirteen 19,700-gal LH2 mobile tankers and expansion 
of the KSC LH2 mobile tanker parking maintenance facility. Twelve 
mobile tankers are required for operations with one required as a 
maintetiance spare. Cost estimates for the 19,700-gal LH2 mobile 
tankers were obtained from tht f c i  'owins companies (1977 dollars). 
LOX Equipment Company . . . . . . . $475,000 
Russell Fnsineering Company . . . . $500,000 
Based apon these estimate,.;, a vrice o f  $500.000 WJS se1::ted f o r  t h i s  
study. KSC i)e,ign Engineering (DE) estimates tne c o s t  for :an- 
structing a cor-rete maintenance pad for LH2 recharqers and tnr 
extending the existing LH2 mobile tanker parking hardstand to 
accomnodate up to 15 semitrailer units at $35,000. Projected 
ebtiniates of investment cost to the tinie KSC contracts would Le 
awarded fol ows . 
Equipment Investment 
1977 VENDOR 1981 BUDGET 
ESTIWATE ESTIMATE 
Thirteen 19,700-Gal LH2 
Mobi 1 e Tankers $6,500,000 $8,520,000 
Cost Adjustment Factor (10 Percent) $ 852,000 
F a c i l i t y  Construction Cost 
1977 ENGINEER- 1981 BUDGET 
ING ESTIMATE (E) ESTIMATE (7.62E) 
Mobile Tanker Maintenance Hardstand $ 35,00@ $ 56,700 
Design Fee (6 Percent) 3,400 
Total Investment Cost $9,432,100 
3.0 OPERATING COST 
The operating cost f o r  LH2 del ivery  under t h i s  opt ion consists of 
c o m n  c a r r i e r  mileage costs and APCI Terminal and Administrat ion 
( T U )  costs f o r  f.0.b. o r i g i n  operations as i n  Option 6. Although 
the '9,700-gal mobile tanker i s  heavier than the standard 13,000-gal 
tanker, the 1982 mileage r a t e  f o r  GOCO mobile tanker de l ivery  (Schedule 
B, Contract NAB-31034) i s  also used i n  t h i s  opt ion f o r  c o m n  c a r r i e r  
del ivery. Mileage rates and A P C I  T U  costs f o r  f . 0 . b .  o r i g i n  de l ivery  
under t h i s  option are deta i led i n  Appendix 6. 
and t o t a l  operating cost f o r  t h i s  opt ion fo l low. 
Operating cost f a c t o r s  
@ Operating Cost Factors 
Mileage Rate (NAS8-31034) . . . . . . . . . .  $1.12/Mile (1982) 
Mileage (Round Tr ip )  . . . . . . . . . . . . . . . . .  1,386 
Tanker Loads Required . . . . . . . . . . . .  32/Launch Cycle 
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Q Conmon Carrier Cost 
COST/MILE MILES ROUND TRIPS 
_I_ 
YEAR 
1982 $1.12 1,386 41 6 
83 1.20 1,386 1,152 
84 1.28 1,386 1,280 
-
-_ -- -- -- 
1991 2.06 1,386 1,280 
Comnon Carrier Cost 
0 APCI T U  Cost (Appendix 6) 
Total Operating Cost 
COST( Y EAR 
$ 645,765 
1,916,006 
2,270,822 
-- 
3,654,604- 
$25,890,919 
665 587 
$26,556,506 
4.0 W N T E N A N C E  COST 
Maintenance cost associated with this option includes mobile tanker 
maintenance ana refurbishment cost, brake and tire maintenance cost, 
and KSC Administration and Scheduling (ALS)  c o s t .  For purposes of  
this study, each o f  these costs are assumed to be identical for both 
the 19,700-gal and the standard 13,000-gal L H 2  mobile tankers. The 
maintenance, brake and tire, and A&S c o s t  factors are detailed in 
Appendix 6. Estimated maintenance costs based upon these factors 
and the thirteen mobile tankers required f o r  this option follow. 
HA I NTENANCEI MA I NTENANCE KSC A I S  
-- YEAR Y EARlTANKER- TOTAL COST[ Y EAR 
1982 $4,780 $ 62,140 $1 6.0% 
53 5,115 66,495 17,182 
84 5,473 71,149 18,385 
1991 8,758 114,244 29.5:‘: 
Mobile Tanker Maintendnce Cost 
0 Brake arid Tlre Cost 
I----*l_-l- 
.- YEAR I C_O_ST,/MiLL . W U P  
1982 1.045 1,386 
83 .04s 1,386 
SI .052 1,386 
-- -- -- 
1991 .oa3 1 , S G  
Brake and Tire Cost 
Totdl  Maintenance Cost -- - -- __-_- - - 
5.0 OFFLMDING COST 
T R I P S  -_
41 6 
1.152 
1,280 
-_  
1,280 
Cosr,,YE&R 
$ 78,195 
83,677 
83 , 534 
- -  
--.----I-.. 143 766 ... 
51,380,400 
COST / YEAR 
$ 25,945 
76 * 640 
92 *xi.? 
- -  
-~-- 14s. -1.36 
$1,049,000 
$2,129,40@ 
break following the thtrd and s i x t h  sets until the LHz sphere is 
re f i l l ed  t o  850,000 gal. Eight separate offloading operations are  
required. For offloading, four mobile tankers will be connected t o  
the 2-inch intake manifolds a t  the LHz  spheres a t  Pads A and B, 
pressurized t o  45 psig, and offloaded i n  approximately 2 hours. 
Fire and Safety personnel are required i n  each area 1/2 hour prior 
t o  and following offloading operations. VO personnel a re  required 
in  each area 1 hour prior t o  and following offloading operations t o  
establish security, prepare the sites for  operation, and s h u t  down 
the sites following operations. Estimated cost  factors and total  
offloading costs follow. 
0 Offloading Cost per Launch Cycle ($19.51/Hour 1982 Dollars) 
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS COST/TRANSFER 
Safety 1 3 24 $ 468 
Fire 4 3 96 1,873 
vo 3 4 96 1,873 
Vehicle 
Dr i ver s 4 4 128 2,497 
Cost per Launch Cycle $6,711 
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# Mobile Tanker Offloadtng Cost 
NUMBER 
YEAR COST/TRANSFER OF CYCLES COST/YEAR -
1982 $6,711 13 $ 87,243 
83 7,180 36 258,480 
34 7,683 I 40 307,323 
1991 12,336 40 493,440 
$3,498 , 300 Total Offloadinq Cost 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, the 
cost-effectiveness of this option is increased significantly. For 
example, at 20 launches per year, investment and maintenance costs 
could be reduced by 54 percent as only six new mobile tankers would 
be required. 
offloading costs could be achieved. Transfer/efficiency losses would 
In addition, a 50-percent reduction in operating and 
also be reduced by 50 percent except boiloif losses  which would 
continue at a uniform rate. Estimated total cost, by category, for 
this option at 20 STS launches per year follows. 
Investment Cost $ 5,046,500 
Operating Cost 13,278,700 
Maintenance Cost 982,800 
Offloading Cost 1,799,200 
Transfer/Eff iciency Cost 6,881,000 
TOTAL COST (20 LAUNCHES/ Y EAR) $27,988,200 
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APPENDIX 9 
OPTION 9 - 19,700-GAL MOBILE TANKER/GOCO TRACTORS 
1.0 CONCEPT OF OPERATION 
Option 9 i s  based on the use of KSC-owned 19,700-gal mob’le tankers 
t o  t ransport  LH2 from APCI  d t r e c t l y  t o  the storage spheres a t  Pads 
A and B. This oqt ion i s  iden t ica l  t o  Option 8 except t h a t  GSA GOCO 
t rac to rs  would be used instead o f  c o m n  c a r r i e r  t o  transport the 
mobile tankers. 
As the number and types o f  19,700-gal mobile tankers and loads o f  
LH2 required are the same; the maintenance, of f loading, and transfer 
losses are also ident ica l  t o  those o f  Appendix 8. However, the 
requirement f o r  GSA-provided t rac to rs  and contractor-provided d r i v e r  
personnel present special investment and operating cost consider- 
at ions. 
i n  Appendix 8, Figure 8-2. 
maintenantz ddumtime dur ing each 9-day launch cycle. The proposed 
LH2 resupply cycle i s  iden t ica l  t o  Option 8 and would be conducted 
only during days 1 through 7 o f  the launch cycle. 
The proposed t r a f f i c  model t o  support t h i s  opt ion i s  shown 
The 56-hour schedule would perni i t  2-davs 
2.0 INVESTMENT COST 
The estimated investmeit cost t o  support t h i s  opt ion consists o f  the 
purchase o f  t h i r t e e n  new 19,700-gal LH2 mobile tankers, expansion 
o f  the LH2 mobile tanker parking/maintenance hardstand, and GSA 
procurement o f  twelve tandem-axle d iesel  t rac to rs  w i th  sleepers. 
The cost o f  19,700-gal LH2 tankers and the expanded mobile tanker 
maintenance hardstand i s  de ta i led  i n  Appendix 8. The cost o f  the 
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of the tandem-axle diesel tractors w i t h  sleepers i s  detailed i n  
Appendix 7. Maintenance o f  the diesel tractors would be performed 
by GSA i n  the existing KSC fac i l i t y  w i t h  no requirements for addi-  
tional construction or f ac i l i t i e s .  The investment cost for this 
option a t  the time KSC contracts would be awarded follows. 
0 Equi pment Investment 
1977 VENDOR 1981 BUDGET 
ESTIMATE ESTIMATE 
Thirteen Mobile Tankers (Appendix 8) $6,500,000 $8,520,000 
Twelve GSA Tractors With Sleepers 492,000 644,900 
0 Cost Adjustment Factor (10 Percent) 916,500 
($53,742 each - 1981) 
0 Facili ty Construction Cost 
1977 ENGINEER- 1981 BUDGET 
ING ESTIMATE ( E )  ESTIMATE (1.62E) 
Mobile Tanker Maintenance Hardstand $ 35,000 $ 56,700 
(Appendix 6) 
0 Design Fee (6 Percent) $ 3,400 
Total Investment Cost $10,141,500 -
3.0 OPERATING COST 
lhe operating cost for th i s  option consists of driver cost, GSA 
tractor cost ,  and APCI Terminal and Administration (T&A) cost. Each 
of these costs i s  detailed i n  Appendix 7. Although the 19,700-gal 
LH2 mobile tanker i s  heavier, GSA costs for tractor operatibns are  
assumed t o  be equivalent t o  those for standard 13,000-gal mobile 
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t ankers .  The only s i g n i f i c a n t  difference i s  t h a t  only 32 round 
t r i p s  per  launch are required w i t h  th is  opt ion compared w i t h  49 
round t r i p s  required w i t h  Option 7. Operating c o s t  f a c t o r s  and 
est imated cost f o r  t h i s  optfon follow. 
0 Operating Cost Factors  k e n d i x  7 )  
Driver Cost . . . . . . . . . . . .  $79.57/Hour (1982 Dol l a r s )  
Trac tor  Cost (Mi'eage . . . . . . .  $0.45/Mile (1982 Dol l a r s )  
Trac tor  Cost (Serv ice  Charge) . . .  $4,04O/Year (1982 Dol l a r s )  
Mileage (Round Tr ip )  . . . . . . . . . . . . . . . . .  1,386 
Tanker Loads/Launch . . . . . . . . . . . . . . . . . . . .  32 
Driver Hours/Round Trip . . . . . . . . . . . . . . . . . .  40 
@ GOCO Trac tor  Operating Cost 
ROUND TRIPS/ ?IILEAGE SERVICE CHARGE 
YEAR YEAR C OST/Y EAR /YEAR COST/YEAR - -
1982 41 6 $ 259,459 $ 48,480 $ 307,939 
83 1 ' 2  768,797 51,873 820,670 
84 1,280 914,014 55,504 969,518 
1991 1,280 1,467.706 S9.128 1,556,834 -
Tractor  ODerati ng Cost $11,075,673 
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0 DrIver Operating Cost 
- YEAR LAUNC HE S COST/f-Mfl-HOUR COSTIY EAR 
1982 13 $19.51 $ 3;4,646 
83 36 20.88 961,952 
84 40 22.34 1,143,654 
'991 40 35.87 1,831,936 
Driver Operating Cost $1 3,019,000 
0 bPCI  T&A Cost -= 14':jpendix 6). 665 , 500 
Total Operating Cost $24,760,200 
4.0 MINTENANCE COST 
Maintenance cost associated with this option includes mobile tanker 
maintenance and refurbishment cost, brake and tire maintenance cost, 
and KSC Administration and Scheduling (A&S) costs. 
costs is detailed in Appendix 8. Maintenance costs for GSA trucks 
are included in the $0.32 mile operating cost. 
nance cos: for this option follows. 
Each o f  these 
Estimated mainte- 
0 Mobile Tanker Maintenance and A&S Cost $1,080,400 
@ Brakt: and Tire Cost (Armendix 8) $1,049,000 
Total Maintenance Cost $2,129,400 
(Appendix 8) 
5.0 OFFLOADING COST 
Offloading operations for this option include Safety, Fire, Vehicle 
Operations (VO),  and mobile tanker operator functions as in Option 
9-4 
8. 
factors, and offloading costs are detailed in Appendix 8. 
The proposed of f load ing  concept * personnel requirements * cost 
0 Nobile Tanker - Offloadinq Cost - $3,498,300 
S.0 REDUCEC LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, the 
cost-effectiveness of this option i s  increased signi ficanjly. For 
example, a t  20 launches per year, investment costs r o u l d  be reduced 
to t he  purchase of six 19,700-gal mobile tankers and eight GSA 
tandem-axle diesel tractors.  Maintenance costs c o u l ~  be reduced by 
55 percent by reducing the mobile tanker f lee t  and a 50-Rrcent e 
reductio,i Zould  be achieved i n  operating and offloading costs. 
Transfer/efficiency losses would also be redhced by 50 percent ex- 
cept boiloff losses which would continue a t  a uniform rate. 
timated total cost, by category, for t h i s  option a t  20 STS launches 
El- 
per year f o l  lows. s 
Investment Cost S 4,68O,?Ofl 
Operat i ng Cost 12,380, ?@O 
Maintenance Cost 982,800 
O f f l o a d i n g  C o s t  1,74P,?OO 
Transfer/Eff iciency Cost 6,881 ,OOG 
TOTAL COST (20 LAUNCHESIYEAR) s x , m , d ~ o  
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OPTION 10 - APCI 13,000-GAL MOBILE TANKERS 
(F.O.6. KSC PADS A S 8) 
1.0 CONCEPT OF OPERATION 
Option 10 i s  based on the use o f  APCI t rac to rs  and APCI 13,000- 
ga l  mobile tankers (Figure 10-1) t o  transport LH2 from New Orleans 
d f r e c t l y  t o  the storage spheres a t  Pads A and B. Method of ( 3 -  
l i v e r y  would be f.0.b. KSC. Should APCI use ex i s t i ng  KSC-owned 
13,000-gal mobile taakers, NASA w i l l  be reimbursed a t  I I  speci f ied 
contract mileage ra te  f o r  t h i s  use. The basic LH? supply contract 
(NAS8-31034) provides f o r  paying APCI a t  a f i x e d  mileage r a t e  
through mid-1982. This p r i ce  includes amort izat ion o f  the APCI 
LH2 mobile tanker f l e e t .  
date, negot ia t ion @f a new contract p r i c e  by MSFC would be required. 
The exi5:ing contract includes the fo l lowing negstiated transporta- 
t i o n  rates. 
For APCI de l i very  f.0.b. KSC a f t e r  t ha t  
MILEAGE RATE/MILE _  
_c_ 
CONTRACT YEAR* 
Ju ly  1977 - June 1978 $ 1 . 4 ?  
Ju ly  1978 - June 1979 1.47 
Ju ly  1979 - June 1980 1 .ti3 
Ju;y 1980 - June 1981 1.60 
Ju ly  1951 - June 1982 1.67 
* A rebate o f  $0.55/nile f o r  the use o f  KSC-owned 13,000-Qal LH2 tankers 
i s  cur ren t ly  i n  e f f e c t  f o r  the  four mobile tankers being iised hy A P C I .  
I t  i s ’  assumed that  the same rebate would apply t o  addi t ional  KSC mobile 
tankers provided t o  APCI  . 
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To provide 505,001) gal of LH2 per launch and t o  compensate for approx- 
imately 50,000 gal i n  transfer/efficiency losses, approximately 
560,OOO gal o f  LH2 would be loaded in to  APCI mobile tankers a t  APCI. 
Delivery o f  LH2 directly into storage spheres a t  Pads A aid B would 
be accomplished during days 1 th rough  7 of the launch cycle w i t h  no 
deliveries on the day preceding the (or the actual) launch date. 
To achieve this delivery rate, 48 standard 13,000-gal mobile tanker 
loads of LH2 would be required. Four tankers would be f i l l e d  and 
would depart APCI f i l l  manifolds every 12 hours w i t h  16 hours of 
travel time between APCI and KSC and a 12-hour maximum turnaround 
delay a t  KSC. 
miles and the current APCI contract mileage ra t e  would be used to  
compute transportation costs. Any delay longer than 2 hours would 
require KSC t o  pay demurrage a t  the ra te  of $6.00 for each 15 minutes 
o r  fraction thereof. 
The round trip distance between KSC and APCI o f  1,386 
The proposed launch cycle would begin w i t h  each pad storage sphere 
containing 850,000 gal of LH2. When a launch occurs from Pad A ,  
storage i n  Sphere A would be reduced t o  350,000 gal. 
day following launch and continuing f o r  the next 6 days, four 13,000- 
gal LH2 mobile tankers would arrive every 12 hours (except on days 3 
and 6 when a 12-hour gap occurs) u n t i l  the storage level i n  Sphere A 
is returned to 850,000 gal. 
each launch from Pad B. 
Beginning  the 
The same procedure would be repeated for 
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2.0 
3.0 
INVESTMENT COST 
Under this option, APCI mobile tankers and tractors are used to 
resupply LH2 requiremsnts at KSC. For this reason, no KSC invest- 
ment in facilities or equipment is required. Contract mileage rates 
(operating costs) were designed to permit APCI to amortize the fleet 
of 13,000-gal LH2 tankers which would be required to support this 
option. 
OPERATING COST 
Operating cost associated with this option includes reimbursement 
of APCI in accordance with the MS8-31034 LH2 contract for LH2 de- 
livered f.0.b. KSC. Estimated cost factors and the operating cost 
for the period 1982 through 1991 follow. 
0 Operating Cost Factors* 
APCI Charge . . . . . . . . . . . .  $1.67/Mile (1982 Dollars) 
Mileage . . . . . . . . . . . . . . . . .  1,386 (Round Trip) 
Round Trips . . . . . . . . . . . . . . . . . . . .  48/Launch 
* It should be noted that, with the $0.55 per mile amortization cost 
removed, the operating cost o f  this option would be the equivalent o f  
comnon carrier dei ivery using KSC-owned mobile tankers (Option 6). 
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0 APCI Cost 
YEAR 
1982 
83 
84 
85 
86 
87 
a8 
89 
90 
1991 
- COST/HILE 
$1.67 
1.79 
1.91 
2.05 
2.19 
2.34 
2.51 
2.68 
2.87 
3.07 
MILES 
1,386 
1,386 
1,386 
1,386 
1,386 
1,386 
1,386 
1,386 
1,386 
1,386 
-
ROUND 
TRIPS -
624 
1,728 
1,920 
1,920 
1,920 
1,920 
1,920 
1,920 
1,920 
1,920 
Total Operating Cost 
COST/ Y EAR 
F.O.B. 
DESTINATION 
$ 1,444,322 
4,287,064 
5,082,739 
5,438,530 
5,819,228 
6,226,574 
6,662,434 
7,128,804 
7,627,820 
8,161,768 
$57,879,300 
NOTE: If the seven existing KSC 13,000-gal mobile tankers a re  
used by APCI t o  deliver LH2 t o  Pads A and B, a credit  o f  $0.55/ 
mile would be accrued. Assuming the standard three round trips 
per mobile tanker per launch (21 total mobile tanker round trips), 
the APCI operating cost o f  t h i s  option would be reduced a s  follows. 
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APCI COST F.O.B. - YEAR DESTINATION 
1982 $ 1,444,322 
03 4,287,064 
84 5,082,739 
85 5,438,530 
06 5,819,228 
87 6,226,574 
88 6,662,434 
89 7.1 28,804 
90 7,627,810 
1991 8,161,768 
$F7;879,‘283 
4.0 MAINTENANCE COST 
KSC TANKER 
REFUND 
$ 208,107 
576,298 
640,332 
640,332 
640,332 
640,332 
640,332 
640,332 
MO ,332 
640,332 
$5,907,061 * 
NET APCI 
OPERATING COST 
$ 1,236,215 
3.71 0,766 
4,442,407 
4,798 ,I  98 
5,178,896 
5,586,242 
6,022,102 
6,488,472 
6,987,4% 
7,521,436 
$51,972,222 
No KSC equipment or f a c i l i t i e s  investments were considered under 
this option. For this reason, no WC maintenance costs a re  assumed. 
5.0 OFFLOADING COST 
Offloading cost for this option includes manning for Safety, 
Fire, and Vehicle Operations (VO)  personnel w i t h  A P C I  drivers 
assist ing i n  offloading. 
48 mobile tankers per launch cycle and estimated total  offloading 
cost for the period 1982 through 1991 follow. 
A cost esti:.,iate for offloading 
* Does no t  include 7-percent escalation; w i t h  7-percent escalation, the 
refund would be $8,346,368 for the period 1982 through 1991. 
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0 Offloading Cost per Launchcycle 
HOURS/ TOTAL COST AT $19.51/ 
FUNCTION PERSONNEL OPERATION MAN-HOURS HAN-HOUR (1 982) 
Safety 1 2 24 
F i r e  4 2 96 
vo 3 3 108 
*Cost per Mobile Tanker Transfer 
0 Hobi le Tanker Off loading Cost 
- YEAR COST/CYCLE NUMBER OF CYCLES 
1982 $4,447 13 
83 4,758 36 
04 5,091 40 
1991 8,175 40 
Total  O f f i  3ading Cost 
$ 468 
1,872 
2,107 
$4,447 
COST/YEAR 
$ 57,811 
171 ,288 
203 , 640 
-- 
327,001 
$2,318,400 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, 
the cost-effect iveness of th;s opt ion i s  measureably increased. 
For example, a t  20 launches per year, a 50-percent reduct ion i n  
operating and of f loading costs and i n  t rans fe r /e f f  ic iency losses 
would a lso be achieved. Estimated t o t a l  cost, by category, f o r  
t h i s  opt ion a t  20 STS launches per year fo l lows. 
* Drivers are provided by APCI f o r  t h i s  option. 
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Investment Cost None 
Operat i ng Cost 
Maintenance Cost 
O f f  1 oadi ng Cost 
Transfer/ E f f  f ciency Cost 
$28,339,600 
None 
1,159,200 
7,003,000 
TOTAL COST (20 LAUNCHES/YEAR) $37,101,800 
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OPTIOIJ 11 - APCI 13,000-GAL MOBILE TANKERS 
(F.O.B. KSC INVENTORY TANK) 
1 .O CONCEPT OF OPERATION 
Option 11 i s  based on the use o f  APCI t rac to rs  and 13.000-gal 
mobile tankers t o  t ransport  LH2 from New Orleans d i r e c t l y  t o  a 
125.000-gal LH2 inventory tank a t  KSC. Subsequently, LH2 would 
be t ransferred from the inventory tank t o  the storage spheres a t  
Pads A and 6 using the seven e x i s t i n g  KSC-owned 13,000-gal mobile 
tankers i n  combination w i th  dedicated GSA t rac to rs  as i n  Option 5. 
The use o f  an inventory tank located outside the Pad A and Pad B 
perimeters permits APCI mobile tankers t o  f i l l  the tank a t  t h e i r  
convenience without i n t e r r u p t i n g  pad operations. The inventory 
tank would also permit t rans fer  t o . t h e  LH2 storage spheres a t  
Pads A and B a t  the most convenient time f o r  KSC. The method o f  
de l ivery  for  t h i s  opt ion i s  f.0.b. dest inat ion as i n  Option 10. 
The basic LH2 supply contract  (NAS8-31034) would provide f o r  paying 
A P C I  a t  the f i xed  mileage r a t e  de ta i led  i n  Appendix 10 through mid- 
1982. For APCI de l ivery  f.0.b. KSC a f t e r  t h a t  date, negot iat ion o f  
a new contract  p r i c e  would be required. 
The se lect ion o f  a 125,000-gal inventory tank provides the c a p a b i l i t y  
f o r  o f f loading and temporary storage o f  up t o  twelve 13,000-gal 
mobile tanker loads o f  LH2. As mobile tankers would normally load 
and depart APCI i n  sets o f  f o u r  mobile tankers every 12 hours, the 
irlventory tank could provide up t o  36 hours delay i n  pad sphere load- 
i ng  wi thout ser iously d isrupt ing or delaying APCI LH2 del ivery  
operations. 
? l - 1  
2.0 
The use o f  an inventory tank and t r i p l e  o f f load ing  increases trans- 
f e r  losses t o  approximately 80,000 gal f o r  t h i s  option. To provide 
500,000 gal o f  LH2 per launch and t o  provide f o r  t ransfer /e f f ic iency 
losses, approximately f i f t y  mobile tanker loads o f  LH2 per  launch 
cycle would be required. Four 13,000-gal tankers could be f i l l e d  
and depart A P C I  f i l l  manifolds every 12 hours w i t h  16 hours of 
t rave l  t i m e  between APCI  and KSC and 12-hour-maximum turnaround 
delay a t  KSC. Any delay o f  A P C I  tankers longer than 2 hours would 
require KSC t o  pay demurrage a t  the r a t e  o f  $6.00 f o r  each 15 
minutes o r  f r a c t i c n  thereof. However, the inventory tank concept 
should e l iminate demurrage a1 together. 
The proposed launch cycle would begin w i th  each pad storage sphere 
containing 850,000 gal o f  LH2 and w i t h  725,G~O gal o f  LH2 i n  the 
inventory tank. When a launch occurs from Pad A, storage i n  Sphere 
A would be ret'uced t o  350,000 gal. The day fo l lowing launch, KSC 
1 3,000-gal mobi 1 e tankers and GSA t rac to rs  would begin t ransport ing 
LH2 fran the 125,000-gd1 inventory tank t o  storage Sphere A u n t i l  
the leve l  o f  Sphere A i s  returned t o  850,000 gal. Simultaneously, 
A P C I  13,000-gal mobile tankers would be replacing LH;I (f.0.b KSC) 
i n  the inventory tank as i t  i s  removed. This same procedure would 
be repeated f o r  launches from Pad 8. 
INVESTMENT COST 
Under t h i s  option, APCI t ractors  and 13,000-gal mobile tankers 
11 -2 
would de l i ver  LH2 from A P C I  t o  the inventory tank a t  KSC. Exist-  
i n g  KSC 13,000-gal mobile tankers and GSA t rac to rs  would t ransfer  
LH2 fmm the inventory tank t o  storage spheres a t  Pads A and B as 
i n  Option 4. 
t o  seven dedicated GSA tandem-axle diesel  t rac to rs  and the inven- 
t o r y  tank f a c i l i t y  construction. GSA t r a c t o r  costs f o r  the seven 
KSC mobile tankers are deta i led i n  Appendix 4. The Chicago Bridge 
and I r o n  Company provided an estimate o f  the cost  o f  the inventory 
tank. The estimate was based upon a stainless s tee l  inner sphere 
w i t h  8 inches o f  per1 i t e  insulat ion,  a carbon steel  outer  she1 1, 
a 2-percent-per-day b o i l o f f  rate, and a 105-psig operating pressure. 
As i n  Option 4, t h i s  opt ion assumes the four  NASA 13,000-gal LH2 
mobile tankers presently a t  APCI would be returned and chat a l l  
seven mobile tankers would be avai lable a t  no addi t ional  investment 
cost. Estimated t o t a l  investment cost t o  the time a t  which KSC 
contracts would be awarded fol lows. 
KSC investment under t h i s  opt ion would be l i m i t e d  
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8 Equipment Investment 
1977 VENDOR 2981 BUDGET 
ESTIMATE ESTIMATE 
Seven GSA Tractors (Appendix 4 )  $ 287,000 $ 376,200 
0 - Cost "Ijustment Factor (10 Percent) 37,600 
0 Facili ty Constructton Cost -
1977 ENGINEER- 1981 BUDG'. ' 
ING ESTIMTE ( E )  ESTIMATE (1.6iEr 
125,000-Gal Inventory Tank $1,670,000 
P ip ing  and Manifolds 1 50,000 
Parking Pads and Facil itie5 200,000 
$2,020,000 $3,272,400 
0 Design F2e (6 Percent) 196,300 
- Total Westment Cost $3,882,500 
3.0 OPERATING COST 
Operating cost associated w i t h  this Opt.lOti includes payment to APCI 
i n  accordance w i t h  the FIAS8-31034 coatract for LH2 delivered f . 0 . b .  
KSC and the operating cost o f  the seven KSC 13,000-gal mobile tankers. 
A P C I  delivery costs are  identical to Opticn 10 except t h a t ,  due to h igh  
transferlefficiency losses, f i f t y  mobile tanker loads are  required f o r  
each S'TS launch instead o f  the normal forty-eigttt. The operating cost 
for the seven KSC mobile tankers i s  detailed i n  Appendix 4 .  Total 
operating costs for APCI and KSC mobile tanker operations follow. 
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0 APCI Mobile Tanker CcstJpp endix 10) 
$57,879,300 x So/& = ~60,290,900 
0 KSC Mobile Tanker/Tractor Cost 
IAppendtx 4) 572,500 
Total Operating Cost $60,863,400 
4.0 NAINTENANCE COST 
Maintenance cost associated with this option includes preventive 
and corrective maintenance o f  the seven KSC 13,000-gal mobile 
tankers, corrosion control of the inventory tank and associated 
piping, and labor cost for maintenance personnel associated. with 
the inventory tank. 
tankers is detailed in Appendix 4. Repainting and corrosion 
control of the inventory tank is requirej every 5 years at an 
estimated cost of $10,000 (1977 dollars). Approximately 20 hours 
per week a:-t r?stimated as personnel requirements for normal main- 
tenance o f  the inventory tank and associated piping and instru- 
mentation. Based upon these factors, estimated maintenance cost 
for this optson fol lows.  
Tho maintenance cost o f  the seven KSC mobile 
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0 Seven KSC Hobtle lanker Watntenance 
0 Resurfacing Inventorv Tank Cost 
907 Dol lars) $ 14,000 
0 Invontnry lank  Maintenance 
Personnel Cost 
YEAR MAY-HOURS COSl/MAN-HOUR COST/Y EAR 
__. 
1982 1 ,oGG $19.51 $ 20,290 
83 1,040 20.88 21,715 
84 1,040 22.34 23,233 
1991 1,040 35.87 37,305 
Inventory Tank Maintenance Cost $280,300 
Total Maintenance Cost $978,300 
5.0 OFFLOA9ING COST 
Off loading operations for t h i s  opt ion include Safety, F i re ,  Vehicle 
Operations ( V O ) ,  APCI  d r iver ,  and GSA vehic le operator functions. 
A P C I  d r i ve r  assistance i s  included a t  no cost t o  KSC. 
Safety personnel are required 1/2 hour and VO personnel a re  required 
1 h o w  p r i o r  t o  and fo l lowing each off loading operation. 
APCI mobile tankers would a r r i v e  f o r  o f f loading i n  twelve sets of 
four tankers and one s e t  o f  two tankers f o r  a t o t a l  o f  t h i r t een  
operations a t  the inventory tank. The seven KSC mobile tankers 
would operate i n  two sets ( four  and three mobile tankers each) t o  
transfer LH2 t. the appropriate pad storage sphere i n  a maximum o f  
fourteen of f loading operations. Average time f o r  each 13,000-gal o f f -  
loading operation i s  estimated a t  2 hours. F s t i m t e d  t o t a l  o f f loading 
c o s t s  f o r  t h i s  opt ion fo l l ow .  
F i r e  and 
The f i f t y  
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r fbbi  l e  Tanker Offloadin? Operation ($19.5l/Man-Hour 
l l a r s )  
HOURS/ TOTAL COST AT $19.51 
FlNCTION PERSONNEL OPERATION W-HOURS W-HOUR (19821 
Safety 1 2 81 S 1,580 
Fi  re 4 3 324 6,321 
M 3 4 324 6,321 
GSA Tractor 
Operation 7 2 196 3,823 
To ta  1 $1 8,045 
0 Mobile Tanker Offloading Cost 
N U M R  - YEAR COST/TRANS FE R OF CYCLES OST/YEAR 
1982 $18,045 13 $ 234,585 
83 19,308 36 695,088 
04 20,659 40 826,360 
1991 33,174 40 1,326,953 
Total Offloadinq C o s t  $9,407,900 
6 .O REOUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, 
the cost-effectiveness o f  th is  option i s  s t i l l  marginal. For 
11-7 
example, a t  20 launches per  year, no reduction i n  investment or 
maintenance costs would be realized; however, a 50-percent ne- 
duction i n  operating and of f loading costs could be achieved. 
Transfer/ef f ic iency losses would also be reduced by 50 percent 
except b o i l o f f  losses which would continue a t  a uniform ra te  for 
the inventory tank and mobile tankers. Estimated t o t a l  cost, by 
category, f o r  t h i s  opt ion a t  20 STS launches per year 
follows. 
Investment Cost 
Operat i ng Cost 
Maintenance Cost 
Offloading Cost 
$ 3,882,500 
$30,431,700 
$ 978,300 
$ 4,703,900 
Transfer/Eff iciency Cost $1 1 ,700,000 
TOTAL COST (20 LAUNCHES/YEARL $51,696,400 
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OPTION 12 - 34,000-GAL RAILCARS 
1.0 CONCEPT OF OPERATION 
Option 12 i s  based on the use o f  34,009-gal r a i l c a r s  t o  de l i ve r  
LH2 from APCI d i r e c t l y  t o  the storage spheres a t  Pads A and B 
(Figure 12-1). The r a i l c a r s  would be KSC-owned, but  trans- 
ported by scheduled r a i l  carr ier .  
cars would be required wi th  one addi t ior ia l  r a i l c a r  retained as 
a maintenance spare. Under t h i s  option, i t  i s  assumed t h a t  the 
four NASA-owned 34,000-gal r a i l c a r s  presently I ocated a t  Lewis 
Research Center would be provided t o  KSC and t h a t  f i f t e e n  
addi t ional  r a i l c a r s  ana two i d l e r  cars would be procured. The 
eighteen operational LH2 r a i l c a r s  would move together as a 
single, hazardous fue l  u n i t  w i th  an i d l e r  car on each end of the 
column o f  r a i l c a r s  providing a safety bu f fe r  as required by DOT 
regulat ions. This arrangement would also f a c i l i t a t e  expedit ing 
the switching o f  r a i l c a r s  between the four  rai lway car r ie rs  
involved i n  the r a i l  movement be4% ?en KSC and N e w  Orleans. The 
r a i l c a r s  would be placed on a special 9-day round t r i p  t rave l  
schedule. 
Eighteen operational r a i l -  
Loadout a t  APCI f o r  each 34,000-gal r a i i c a r  would be 31,700 gal 
o f  LH2 (al lowing 6-percent ul lage and a 6-percent water density 
safety f a c t w ) .  Depressurization, boi l o f f ,  and other t ransfer 
losses would reduce t h i s  volume by appraximately 2,600 gal .  
Each 18-ra i lcar  group would then de l i ver  29,000 gal per r a i l c a r  
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o r  515,000 gal o f  LH2 i n t o  the storage spheres a t  Pads A 
8 as required, leaving 500 gal o f  "heel" i n  each r a i l c a r  
and 
APCI has LH2 r a i l c a r  loading f a c i l i t i e s ,  however, the ex s t i n g  
f a c i l i t i e s  must be expanded and tracks must be extended t o  
accamnodate rap id  loading o f  eighteen r a i l c a r s  w i t h i n  24 hours. 
The KSC Design Engineering (DE) concept f o r  APCI r a i l  f a c i l i t y  
upgrading without purchase o f  addi t ional  land i s  shown in  
Figure 12-2. 
I n  addit ion, KSC r a i l r o a d  tracks need extensive r e p a i r  and 
of f loading f a c i l i t i e s  a t  Pads A and B would requ i re  modif icat ion 
and extension. The KSC DE concept f o r  proposed r a i l r o a d  t rack 
modif icat ions f o r  Pads A and 6 are shown i n  Figure 12-3. The 
proposed r a i l c a r  development schedule i s  shown i n  Figure 12-4. 
The four  NASA LH2 r a i l c a r s  planned f o r  use under t h i s  opt ion 
were b u i l t  by Linde and are i n  covered storage a t  LRC (Figure 
2-2). 
and a s ta in less steel  inner l i n e r ,  carbon s tee l  outer casing, 
mylar superinsulation, 0.5-percent-per-day b o i l o f f  rate, and a 
maximum 100-psig operating pressure. 
Each ex is t ing  r a i l c a r  has a gross capacity o f  36,100 gal 
The f i f t e e n  addi t ional  
r a i l c a r s  would have s 
o r  s i m i l a r  insu la t ion  
Each r a i l c a r  would be 
couplings w i t h  f l e x i b  
mi la r  character is t ics  except t h a t  p e r l i t e  
could be used instead o f  superinsulat ion. 
equipped w i t h  standard NASA 2-inch bayonet 
e hoses f o r  of f loading. This f l e x i b l e  o f f -  
loading hose capab i l i t y  would permit connecting t o  the e x i s t i n g  
2-inch LH2 rr,anifolds a+ Pads A and B w i th  simultaneous of f loading 
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o f  two ru f l ca rs .  With the  34,000-gal r a i l c a r s  Pressurized t o  
45 psig, o f f load ing  f low time should be approximately 2 hours 
per r a i  1 car  o f f  1 oadi ng operation. 
The 18-rai car resupply cyc le  s t a r t s  w i t h  each pad storage sphere 
containing 850,000 gal  o f  LHz. When a launch from Pad A occurs, 
storage i n  Sphere A i s  reduced t o  350,000 gal. 
launch, o r  any speci f ied time o f  the 9-day launch cycle, the 
eighteen r a i l c a r s  would a r r i v e  and r e f i l l  Sphere A t o  the 850,000-gal 
leve l .  This procedure would be repeated f o r  launches from Pad B. 
Al lowing f o r  24-hour o f f load ing  a t  KSC, 24-hour onloadinn a t  APCI, 
and 84-hour t rave l  time between APCI  and KSC, the resupply cyc le  
would requi re 9 days. 
shown i n  Figure 12-5. 
The d a y  fo l lowing 
A proposed t r a f f i c  model f o r  t h i s  option i s  
2.0 INVESTMENT COST 
The estimated cost t o  b u i l d  the f i f t e e n  addi t ional  34,000-gal LH2 
r a i l c a r s  required f o r  t h i s  opt ion was discussed w i th  LOX Equipment 
Company, i i n d e  D iv is ion  o f  Union Carbide Corporation, and Russell 
Engineering . 
could be b u i l t  using p e r l i t e  or s im i la r  i nsu la t i on  f o r  approximately 
$300,000 eazh (1977 do l l a rs ) .  Linde a lso ind icated tha t  the r a i l c a r s  
would cost  approximately $300,000 each w i t h  superinsulation, prov id ing 
the expensive instrumentation packages on the four ex i s t i ng  NASA r a i l -  
cars were no t  required. 
NASA LHz r a i l c a r s  i s  estimated a t  $10,000 each (1977 do l l a rs ) .  
estimated tha t  KSC and A P C I  r a i l r o a d  t rack repa i r  and modif icat ions, 
LOX and Russel 1 indicated 34,000-gal LH2 r a i  1 cars 
The refurbishment cost f o r  the four  ex i s t i ng  
KSC DE 
#2-3 
ccnnbined with upgrading o f  APCI p ip ing and t ransfer  l i n e s  
would t o t a l  approximately $4,000,000 (1977 dol lars) .  Based 
upon these f igures, the estimated investment cost f o r  t h i s  
opt ion fol lows. 
0 Equipnent Investment Cost 
1977 VENDOR 1981 BUDGET 
ESTIMATE (VE) - EST I MAT E 
F i f teen 34,OW-Gal Rai lcars $ 4,500,000 $ 5,898,500 
0 Cost Adjustment Factor (10 Percent) $ 589,900 
0 Four 34,000-Gal Rai 1 cars (Rehabi 1 i t a t e )  $ 52,000 
0 Faci 1 i ty Ccnstruction Cost 
I977 ENGINEER- 1981 *BUDBET 
ING ESTIMATE (E)  ESTIMATE (1.62E) 
KSC Track Modif icat ions and 
Extensions $ 2,669,000 
APCI  Track Extensions 248,818 
APCI  Piping and Transfer Lines 1,191,176 
$ 4,108,994 $ 6,656,600 
0 Design Fee (6 Percent) $ 399,400 
Total Investment Cost $ 13,544,400 
3.0 OPERATING COST 
The operating cost f o r  LH2 del ivery  by 34,000-gal r a i l c a r  under 
t h i s  option includes f r e i g h t  charges f o r  each r a i l c a r ,  A P C I  
Terminal and Administrat ion (T&A) charges ($32,100 per year), and 
trackmobile costs. F lo r ida  East Coast r a i l r o a d  has quoted a r a i l -  
car f r e i g h t  r a t e  o f  $2,157 (1977 d o l l a r s )  per round t r i p  t o  KSC 
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Transportation Services. This p r i c e  includes $183 c r e d i t  f o r  
use o f  a shipper-owned car p lus $40 f o r  switching charges. The 
T U  charges include the standard APCI charge f o r  salary, o f f i c e  
space, and admin is t ra t ive processing o f  KSC-owned LH2 tankers 
stated i n  previous options. KSC trackmobile costs under t h i s  
opt ion are assumed t o  be s i m i l a r  t o  Option 2. Based on these 
estimates, the operating cost f o r  t h i s  option follows. 
0 Rai lcar  Operating Cost 
COST/ - YEAR LAUNCHES RAILCAR ROUND TRIP RAILCAR TRIPS COST/YEAR 
1982 13 $3,025 234 $ 707,850 
83 36 
84 40 
3,237 
3,463 
648 
720 
2,097,576 
2,493,360 
-- -- -- R- -- 
1991 40 5,561 720 4,003,920 
Rai lcar  Operating Cost $28,388,400 
0 A P C I  T8A Charges (Appendix 6 1  
0 Trackmobile Cost (Appendix 2)  
Total . Operating . Cost 
$ 665,500 
$ 157,600 
$29,211 ,500 
4.0 MAINTENANCE COST 
Maintenance cost associated w i th  t h i s  option includes preventive 
aad cor rec t ive  maintenance o f  the LH2 r a i l c a r s  and the KSC t rack-  
mobile. Maintenance cost  factors  and annual maintenance cost f o r  
each o f  these items are de ta i led  i n  Appendix 2. 
maintenance cost for t h i s  option fol lows. 
Estimated t o t a l  
12-5 
0 Rai lcar Maintenance Cost 
MAINTENANCE COST/ CARS IN - YEAR RAILCAR SERV I CE 
1982 $4 , 067 19 
83 4 8 352 19 
84 4,656 19 
1991 7,478 19 
4 
Rai lcar Maintenance Cost 
0 Trackmobile Maintenance Cost (Appendix 2) 
Total Maintenance Cost 
5.0 OFFLOADING COST 
COST/Y EAR 
$ 77,273 
82,688 
88,464 
142,072 
$1,068,700 
$ 41,000 
$1,109,700 
Off loading operations f o r  t h i s  opt ion include Safety, F i re ,  Vehicle 
Operations (VO) ,  and trackmobile operator functions as i n  Appendix 2 .  
Trackmobile operator are included i n  the operations cost. With 
simultaneous of f load ng o f  two r a i l c a r s  a t  2 hours per o f f load ing  
operation, the t o t a l  o f f loading time f o r  the eighteen r a i l c a r s  
should average about 18 hours under t h i s  option. 
personnel are required i n  each area 1/2 hour p r i o r  t o  and fo l lowing 
of f loading operations. VO personnel are required in each area 
1 hour p r i o r  t o  and fol lowing off loading operations t o  establ ish 
security, prepare the s i tes  for operation, and shut down the s i tes  
fo l lowing operations. Estimated cost factors  and t o t a l  o f f loading 
costs fo l low. 
Fire and Safety 
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0 Cost per 1.8- Rai lcar Off loading Operation ($19.51/Hour 1982) 
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS COST/TRANSF - ER 
Safety 1 19 19 $ 370 
f i r e  4 19 19 1,483 
Vehicle 
Operat i ons 3 20 60 1,170 
Cost per 18-Rail car Transfer $ 3,023 
0 Rai lcar Off loading Cost 
- YEAR COST/TRANSFER OF CYCLES COST/YEAR 
1982 $3,023 13 $ 39,299 
83 3,235 36 11 6,460 
84 3,461 40 138,440 
1991 5,558 40 222 , 320 
Total Off loading Cost $ 1,575,600 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launches per year, 
the cost-effect iveness o f  t h i s  opt ion i s  moderately increased. 
For example, a t  20 launches per year, investment could be 
reduced t o  s i x  r a i l c a r s  and f a c i l i t i e s  could be reduced by 
75 percent. I n  addi t ion,  an estimated 50-percent reduction i n  
operating and of f loading costs could $e achieved. Transfer/ 
e f f i c iency  losses could also be reduced by 50 percent except 
b o i l o f f  losses which would continue a t  a uniform rate.  Estimated 
t o t a l  cost, by category, for  th is  opt ion a t  20 STS launches per 
year f o l  lows. 
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Irivestment Cost $ 4,126,000 
Operating Cost $ 14,605,800 
Maintenance Cost $ 584,100 
Offloading Cost $ 787,800 
Trans f er/Ef f i ciency C9s t $ 6,608,000 
TOTAL COST (20 LAUNCHEWYE AR) B 26.711.700 
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APPENDIX 13 
OPTION 13 - SPECIAL TRAIN (EIGHTEEN 34,000-GAL RAILCARS) 
1.0 CONCEPT OF OPERATION 
Option 13 i s  based on the use o f  a special 18-ra i lcar  t ra in  t o  
de l i ve r  LH2 f r o m  APCI d i r e c t l y  t o  storage spheres a t  Pads A and 
B. The proposed special t r a i n  would consist  o f  one 2,000-horsepower 
diesel  locomotive, two i d l e r  cars, one caboose, and eighteen 34,000- 
gal LH2 r a i l c a r s  '(Appendix 12, Figure 12-1). The e n t i r e  t r a i n  would 
be KSC-owned, but  operated by F lo r ida  East Coast (FEC) r a i l r o a d  
personnel. As i n  Option 12, it i s  assumed t h a t  the four  NASA-owned 
34,000-gal r a i l c a r s  present ly located a t  Lewis Research Center 
would be provided t o  KSC and t h a t  f i f t e e n  addi t ional  r a i l c a r s  (one 
maintenance spare) would be procured. The t r a i n  would be placed on 
a special schedule w i th  maximum speed o f  30 miles per hour for  safety 
purposes and t o  minimize the probabi 1 i ty  o f  catastrophic accident. 
Loadout a t  APCI  f o r  each 34,000-gal r a i l c a r  would be 31,700 yal of 
LH2 (al lowing 6-percent u l lage and a 6-percent water density safety 
factor ) .  Depressurization, bo i lo f f ,  and other t ransfer  losses 
would amount t o  approximately 2,300 gal .  
should ther! de l i ver  29,000 gal per r a i l c a r  o r  522,000 gal of LH2 
i n t o  the storage spheres a t  Pads A and B. 
retained i n  each r a i l c a r .  As i n  Option 12, the i d l e r  cars would 
be used as  safety buffers on each end c f  the column o f  LH2 r a i l c a r s .  
Each 18-ra i lcar  t r a i n  
With 400-gal o f  "heel" 
A P C I  has LH2 r a i l c a r  loading f a c i l i t i e s ,  however, the ex is t ing  capa- 
b i l i t i e s  must be expanded and tracks must be extended t o  accomdate  
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rapid loading of the eighteen railcars of the special train within 
24 hours. LH2 loading of the special train at A P C I  would be accom- 
plished by placing eight railcars on track 4, eight on track 5, 
and the remaining twp on track 3 (Figure 13-1). Four 34,000-gal 
railcars would be filled simultaneously from the A P C I  LH2 loading 
station servicing tracks 4 and 5. Estimated fill time for each group 
of four railcars is 4 hours. A s  each group of railcars is filled, 
the group would be moved to track 3, exchanged with empty railcars, 
and reassembled into a complete train. Estimated loading time for 
all eighteen railcars is 20 hours. 
To offload the spezal 18-railcar train, the existing KSC rail- 
road track sections (east-west and north-south) at each pad would 
be e. .ended to 2,000 feet beyond the track switches and a second 
(south) offloading manifold would be added at each pad sphere (Figure 
13-2). Offloading would be accomplished by moving the entire special 
tr:in onto the 2,000-foot north-south extension of the tracks. A l l  
railcars would then be moved in column to the pad offload stations, 
connected by flexible hose to the north and sout! 2-inch manifolds 
at each sphere, and two railcars would be offloaded simultaneously. 
Offloaded railcars would be reassembled into an empty train on the 
2,000-foot east-west track extensions. At 45 psig, estimated o f f -  
loading flow time is 1.5 hours with an additional 0.5 hours required 
for positioning, purging, and connecting the railcars at the offload 
mani fol ds . 
The special 18-railcar train resupply cycle starts w i t h  each pad 
storage sphere containtng 850,000 gal of LH2. When a launch from 
Pad A occurs, storage i n  Sphere A would be reduced tt. 350,000 ga l .  
The day following launch, or a t  any specified time, the special 
t ra in  would arrive and refill Sphere A t o  the 850,000-gal level. 
T h i s  procedure would be repeated for launches from Pad B. Allowing 
for 24-hour offloading a t  KSC, 24-hour onloading a t  A P C I ,  and 30-hour 
travel between APCI and KSC, the resupply cycle will require 108 
hours. A proposed traffic model for this option i s  shown i n  Figure 
13-3. 
ORIGIBAL lS 
POOR QUALITY 2.0 INVESTMENT COST 
Investment cost for this option includes the purchase of a loco- 
motive, tw idler cars, a caboose, and f i f teen 34,000-gal railcars;  
refurbishment of the four existing NASA railcars;  construction of 
additional railroad track and onloading f a c i l i t i e s  a t  A P C I ;  and 
consumption of additianal railroad track and offloading f a c i l i t i e s  
a t  KSC. The estimated cost of the locomotive, idler cars, and 
caboose provided by KSC Transp, r ta t ion Services follows. All other 
costs are detailed i n  Appendix 12. Estimated total  investmerlt cost 
for  this option 3150 follows. 
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0 Equipment Investment 
1977 VENDOR 
ESTIMATE 
One Locomotive (2,000 Horsepower) $ 490,000 
Fifteen 34,000-Gal Railcars 4,500,000 
Four NASA Rai 1 cars (Rehabi 1 i tated) 40,000 
Two Idler Cars (Used) 40,000 
One Caboose 45,000 
$5,115,000 
0 Cost Adjustment Factor (10 Percent) 
@ Facilities Construction Cost (Appendix 12) 
0 Design Fee (Appendix 12) 
I '  
Total Investment Cost 
1981 BUDGET 
ESTIMATE 
$ 642,300 
5,898,500 
52,400 
52,400 
58 , 900 
$6 , 704 , 500 
670,500 
6,656 , 600 
339,400 
$1 4,431,000 
3.0 OPERATING COST 
The operating cost for Lh2 delivery by special 18-railcar train 
under this option includes railroad freight charges for each rail- 
car, operating crew cost, fuel cost, and APCI Terminal and Admin- 
istration ( T U )  charges. 
Services a special train rate of $43,000 (1977 dollars) per round 
trip. This price includes crew cost, switching charges, and credits 
for shipper-owned cars. The estimated fuel consumption for the 
2,000-horsepower locomotive is 3,000 gallons of diesel fuel per 
round trip. A t  the 1977 KSC cost of $0 40 per gallon, diesel fuel 
FEC railroad has quoted KSC Transportation 
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cost is estimated at $1,200 per round trip. APCI TU charges for 
clerical salary, office space, and administrattve processing of 
railcars i s  detailed in Appendix 6 and i s  considered standard for 
all semitrailer and railcar options. Projected to 1982, the estimated 
operating cost for this option follows. 
0 18-Railcar Special Train Operating Cost ($62,322 per Round 
Trip 1982 Dollars) 
SPECIAL TRAIN - YEAR COST/TRIP NUMBER OF TRIPS COST/Y EAR 
1982 $ 62,322 13 $ 810,186 
83 66,684 36 2 $!IO, 624 
84 71,352 40 2,854,080 
-- -- -- -- 
7 991 114,576 40 - 4,583,028 
$32,493,100 18-Railcar Special Train Operating Cost 
0 APCI TU Ccst (Appendix 6) 
Total Operating Cost 
665,500 
$33,158,600 
4.0 MAINTENANCE COST 
Maintenance cost associated with this option includes preventive 
and corrective maintenance for the locomotive, idler cars, and 
caboose combined with periodic refurbishment o f  the LH2 railcars. 
Maintenance and refurbishment costs for 34,mOOO-gal LH2 railcars 
are detailed in Appendix 2 and are estimated to be $4,067 per 
railcar in 1982. Discussion with KSC Transportation Services 
indicates that maintenance o f  the locomotive, idler c a r s ,  and 
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caboose would probably be accomplished on a contract basis with 
FEC. Estimated maintenance cost factors and total maintenance 
cost f o r  this option fo l low.  
0 Maintenance Cost Factors 
Engine, Idler Cars, and Caboose (1982 Dollars) 
COST/YEAR 
Preventive Maintenance - 110 Man-Hours 
8 $1 9.51/Man-Hour $2,146 
Cwrective Maintenance - 200 Man-Hours 
(3 $1 9.51/Man-Hour 3,902 
Materials (Includes Cleaning) 500 
Major Engine Overhaul - $5,000 every 5 Years 1,000 
Maintenance Cost  $7,548 
0 Railcar Maintenance Cost (19 Railcars) 
YEAR 
1982 
83 
84 
-
-- 
1991 
ENGINC, IDLER, 
MAINTENANCE/ RAILCAR MAINTE- C’3OOSE COMBINED 
RAILCAR/ Y EAR ‘ NANC E TOTAL dST/YEAR COST/YEAR 
4,061 $ 77,273 $ 7,548 $ 88,421 
4,352 82,688 8,076 90,764 
4,656 88,464 8,641 97,105 
7,478 142,082 13,876 1 55,958 
-. Total Maintenance Cost $1,171,500 
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5.0 OFFLOADING COST 
Offloading operations f o r  t h i s  opt ion include Safety, F i re ,  Vehicle 
Operations (VO) ,  and d iesel  locomotive operator functions. 
for the  use of the 2,000-horsepower locomotive instead o f  the t rack-  
mobile, o f f load ing  operations and procedures are ident ica l  t o  Option 
12. As both trackmobile and locomotive operators a re  included i n  
operating costs, the o f f load ing  procedures and costs are i d e n t i c a l  
t o  those de ta i led  i n  Appendix 12. 
Except 
0 18-Railcar Special Train Off loading Cost $1,575,600 
(Apperdi x 12) 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency of less than 40 launches per year, the 
cost-effectiveness of t h i s  opt ion i s  reduced dramatical !y. 
example, a t  20 launches per year, investment and maintenance costs 
would remain unchanged, however, an estimated 50-percent reduction 
i n  operating and o f f l o a d i n j  costs could be achieved. Transfer/ 
e f f ic iency losses could also be reduced by 50 percent except b o i l -  
off losses which would continue a t  a uniform ra te .  Estimated t o t a l  
cost, by category, f o r  t h i s  opt ion a t  20 STS launches per year 
f o l 1  ows. 
For 
Investment Cost $14,431,000 
Operating Cost 1 6,579,300 
Ma i n tenance Cost 1,171,500 
Off losding Cost 787,800 
Transfer/Eff ic iency Cost - 5,800,000 - 
TOTAL COST (20 LAUNCHfS/YEAR) $35,769,600 
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OPTION 14 - SPECIAL TRAIN (THIRTY -SIR 31,OOO-GAL RAILCARS) 
1.0 CONCEPT OF OPERATION 
Option 14 i s  based on the use o f  a special 36-ra i lcar  t r a i n  t o  de- 
l i v e r  LHz f r o m  APCI d i r e c t l y  t o  the storage spheres a t  Pads A and 6. 
The proposed special t r a i n  would consist o f  two 2,000-horsepower 
d iesel  locomtives,  tuo i d l e r  cars, one caboose, and t h i r t y - s i x  
34,000-gal LH2 r a i l c a r s  (Appendix 12, Fiqur-e 12-1). The special 
t r a in  would be KSC-owned, but operated by F lo r ida  East Coast (FEC) 
r a i l r o a d  personnel. Under t h i s  option, i t  i s  assumed t h a t  the four  
NASA-owned 34,000-gal r a i l c a r s  presently located a t  Lewis Research 
Cenier would be provided t o  KX and t h a t  t h i r t y - th ree  (one nainte- 
nance spare) addi t ional  r a i l c a r s  would be procured. This opt ion 
represents a s ign i f i can t  increase i n  i n i t i a l  investment cost, how- 
ever, i t  permits reduct ion of special t r a i n  t r i p s  by 50 percent as 
the t h i r t y - s i x  r a i l c a r s  could de l i ve r  s u f f i c i e n t  LH2 t o  support 
tm, STS launches, one from each pad. 
34,000-gal r a i l c a r  would be 31,700 gal o f  LH; (a l lowing 6-percent 
u l  1 age and a 6-pcrcen t wa t e r  density safety  factor.). Depressuri za- 
t ion,  b o i l o f f  , and other transfet-,’efficierIcy losses would m o u n t  t o  
approximately 3,100 gal .  Each special 36-ra i lcar  t r a i n  would then 
de l i ver  28,500-gal per r a i l c a r  of 1,026,000 gal  o f  LH2 per’ special 
t r a i n  i n t o  the storage spheres a t  Pads A and P as required. 
Loadout a t  APC! f o r  each 
As the t o t a l  LH2 loadout a t  A P C I  (1,141,200 g a l )  under t h i s  opt ion 
exceeds the niaxiniuni 500,000 pounds (534,700 gal )  which cdn be re -  
moved f ront  the two 500,000-gal A P C I  storage spheres a t  one time, 
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onloading of the railcars at APCI would necessitate sore delay. The 
LH2 plant regenerative capacity of APCI  is 30 tons (lo0,OOO gal) per 
day which will require approximately 3 additional days of APCI LH2 
production and, subsequently, a 3-day onloading t i m  delay for the 
special =-railcar train. This delay would cause the increased 
transferlef f ic iency 1 osses indicated previously . 
APCI has LH2 railcar loading facilities, however, the existing 
facilities must be expanded and tracks must be extended to accom- 
modate rapid loading of the thirty-six railcars within 72 hours. 
In addition, KSC railroad tracks and offloading facilities at Pads 
A and B would require modification and extension. Proposed railroad 
track modifications at APCI are shown in Figure 13-1. Proposed rail- 
road track modif 
13-2. 
For onloading at 
cations 
APCI , e 
for KSC, Pads A and B are shown in Figure 
ght 34,000-gal LH2 railcars each would be 
positioned on tracks 4 and 5 and the remaining twenty railcars would 
be positioned on track 3. Four railcars would be filled simultaneously 
(two each from tracks 4 and 5) from the APCI LH2 railcar loading 
facility as in Option 13. Loaded railcars would be moved to the 
L 8 N Railroad switching track and f o m d  in a special train for 
return to KSC approximately 3 days later. Offloading at KSC would 
be identical to Option 12 as eighteen railcars each would be posi- 
tioned at Pads A and B. Offloaded railcars would be moved to a 
designated KSC holding area for subsequent deliveries. 
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2.0 
The special =- ra i lcar  t r a i n  vesupply s t a r t s  with each pad storaae 
sphere containing 850,000 gal o f  LH2. Nhen a launch occurs from 
Pad A, the storage i n  Sphere A would be reduced t o  350,000 gal. 
Nine days l a te r ,  when a launch occws from Pad B, storaae would 
be reduced t o  350,000 gal  i n  Sphere B. The day fo l low ing  
the  second launch, or a t  any speci f ied t ime o f  the 9-day launch 
:.-ycle, tte special t r a i n  wou d a r r i v e  and r e f i l l  both the Pad A 
and Pad B storage spheres t o  850,000 gal. This procedure would be 
repeated a f t e r  every two launches. Al lowing 24-hour offloading a t  
KSC, 72-hour onloading a t  APCI ,  and 30-hour t rave l  between APCI  
and KSC, the resupply cyc le  w i l l  requ i re  6-1/2 days. A proposed 
t r a f f i c  model for t h i s  opt ion i s  shown i n  Figure 14-1. 
INVESTMENT COST 
The investment cost associated w i t h  t h i s  opt ion includes the procure- 
ment of two locomotives, two i d l e r  cars, one caboose, th i r t y - th ree  
34,000-gal LH2 ra i l ca rs ;  re fu rb ish ing  cost f o r  the  four  ex i s t i ng  
NASA LH2 ra i l ca rs ;  and expanded r a i l  f a c i l i t i e s  construction a t  
APCI and KSC. Except for the quant i t ies  o f  equipment required, the 
equipment and f a c i l i t i e s  const ruct ion costs are i den t i ca l  t o  those 
described i n  Option 13. Estimated t o t a l  investment cost follows. 
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0 Equipment Investment Cost 
1977 VENDOR 
ESTIMTE (VE) 
Two Diesel Locmtlves $ 980,OOo 
Thirty-Three LN2 34,OOO- 
Gal Railcars 9,900,000 
Four NASA Railcars 
(Rehabil itated) 40,000 
Tw Idler Cars 40 ,OOO 
One Caboose 45,000 
Total $1 1,005,000 
0 Cost Adiustment Factor (1lOPercent) 
0 Facilities Construction Cost (Aopendix 13) 
0 Desian Fee (6 Percent) (APDendix 13) 
Total Investment Cost 
1981 W E T  
EL;'flrlATE (1.91 V E l  
$ 1,284,500 
12,976,900 
52 ,OOO 
52 B O O 0  
s,9m 
$1 4,424,300 
1,442,400 
6,656,600 
399,4w 
$22,922,700 
3.0 OPERATItJG COST 
The operating cost for LH2 delivery by special 36-railcar train 
under this option includes railroad freight charges for each train. 
operating crew cost, fuel cost * arJ APCI Terminal and Administration 
(TU) charges. 
and administrative processing charges for mobile tankers and rail- 
cars. As detailed in Appendix 6, KSC Transportation Services es- 
timates the round trip freight and crew cost for the special 36- 
railcar train at $63,000 (1977 dollars). 
two locomotives and thirty-six railcars, diesel fuel usage will 
The T&A charges include standard APCI salary, office, 
FEC estimates that, with 
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increase approximately 50 percent per round trtp; however, the 
50-percent reduction in round trips required under this option 
should result in a net overall fuel savings. Based on these 
estimates, the cost factors 2nd operating cost for this optlon 
fol low. 
0 Operating Cost Factors 
Train Cost/Round Trip . . . . . . . . . . .  $63,300 (1977) 
Fuel Cost/Round Trip . . . . . . . . . . . .  1,?00 (1977) 
RolmG! Trip Time . . . . . . . . . . . . . . . .  6-1/2 Days 
0 36-Railcar Soecial Train Cost ($90,885 per Round Trip 
Dollars) 
SPECIAL TRAIN NUMBER 
YEAR COST/TRIP OF TRIPS COST/Y EAR -
1982 $ 90,885 7 $ 636,195 
83 97,247 18 1 ,750,436 
84 104,054 20 2,081,080 
1991 167,085 20 3,341 ,700 
Special Train Cost $23,737,800 
0 APCI T U  Charqe (Appendix 6) 
Total Operating Cost 
665,600 
$24,403,300 
4.0 MAINTENANCE COST 
Maintenance cost associated with this option includes PI eventive 
and corrective maintena,tce for +he two 1ocomtives, idler cars, 
caboose, and LH2 railcars. The estimated maintenance cost factors 
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for each of these items of equlpment are detailed in Appendix 13. 
Maintenance cost factors for the additlonal special train equipnnt 
are detailed in Appendix 13. Maintenance cost factors for the 
additlonal special train equipment and overall maintenance cost for 
this option follow. 
0 Maintenance Cost Factors (Appendix 13) 
Engine, Idler Cars, and Caboose (1982 Dollars1 
COST/ Y EAR 
Preventive Maintenance - 150 Man-Hours 
Q $19.51/Man-Hour $2,926 
Corrective Maintenance - 200 Man-Hours 
Q $1 9.51 /Man-Hour 3,902 
Materials (Includes Cleaning) 500 
2 ,N)o 
Maintenance Cost $9,320 
Major Engine qverhaul (2 X Appendix 13) 
0 Railcar Maintenance Cost (Appendix 121 $4,067 
0 Railcar Maintenance Cost (37 Railcars) 
ENGINE. IDLER 
MAINTENANCE/ RAILCAR MAINTE- CABOOSE CWBINED 
- YEAR RAILCAR/ Y EAR NANCE TOTAL COST/ Y EAR COST/Y EAR 
1982 $4,067 $1 50,47? $ 9,328 $ 159,807 
83 4,352 161,024 9,981 171,005 
34 4,656 172,272 10,679 182,951 
1991 7,478 76,686 17,149 293,835 
- Total Maintenance Cost - $2,208,300 
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5.0 OFFLOADIk COST 
Offloading operations for t h i s  option include Safety, Fire, Vehicle 
Operations (VO),  and rai lcar  operator functions. Personnel and 
operational requirements for  offloading a t  each pad are identical 
t o  Option 13. A1 though two identical offloading operations must 
be performed for  each special 36-railcar train t r i p ,  the operations 
are  required only ha l f  as often. Detailed costs for  each offloading 
qperation are detailed i n  Appendix 13. 
0 Offloading Cost (Appendix 13) $1,575,600 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency o f  less than 40 launcfies per year, the 
cost-effectiveness of this option is reduced dramatically. For 
example, a t  20 launches per year, investment and maintenance costs 
would remain unchanged; however, an estims ted 50-percent reductlon 
i n  operating and offloading costs could be achieved. Transfer/ 
efficiency losses could also be reduced by 50 percent except boil- 
off losses which would increase because of delayed onloading a t  
APCI. Estimated total  cost, by category, for this option a t  20 STS 
launches per year follows. 
Investment Cost $22,922,700 
Cpera t i ng Cost 12,201,600 
Maintenance Cost 2,208,300 
Offloading Cost 787,aoo 
Transfer/Ef f 1 c i ency Cost - &600,000 
TOTAL COST GO LAUNCHES/Y EARL $44,720,400 
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OPTION 15 - COMBINED ASSETS - RAILCARS 
1.0 CONCEPT OF OPERATION 
Option 15 i s  based on the use o f  the  seven ex is t tng  KSC-owned 
13,000-gal mobile LH2 tankers and the four  e x i s t i n g  MSA-owned 
34,000-gal r a i l c a r s  a t  Lewis Resmrch Center, combined w i t h  s i x  
addi t ional  34,000-gal LH2 r a l l c a r s  t o  support 40 STS launches per 
year. Seven addi t ional  34,000-gal r a i l c a r s  ( s i x  operational and 
one maintenance spare) would be procured incremental ly as needed 
t o  support the launch r a t e  a c t u a l l y  achieved. The seven 13,000-gal 
mobile tankers would be transported by c o m n  c a r r i e r  t r a c t o r s  on 
a 56-hour round t r i p  schedule. The ten operational 34,000-ga1 
r a i l c a r s  would be transported by scheduled r a i l r o a d  on a special 
9-day round t r i p  basis as I n  Option 12. 
To provide 500,000 gal o f  LH2 per launch and t o  provide f o r  47,800 
gal i n  t ransfer /e f f ic iency losses, a t o t a l  o f  551,000 gal of I.H2 
would be loaded i n  KSC mobile tankers and r a i l c a r s  a t  APCI. De- 
l i v e r y  o f  LH2 d i r e c t l y  i n t o  storage spheres a t  Pads !. and B 
would be accomplished during days 1 through 7 by mobile tankers, 
and on a speci f ied day o f  the launch cyc le f o r  r a i l c a r s  w i t h  no 
de l i ver ies  on the day preceeding the (or on the actual )  launch date. 
To schieve t h i s  de l i very  ra te,  20 mobile canker loads o f  LH2 would 
be required. Seven 13,000-gal tankers would be f i l l e d  and would 
depart APCI f i l l  manifolds and a r r i v e  a t  KSC on the f i r s t  day fol low- 
ing launch and the four th  day fo l lowing launch, w i t h  only si;: mobile 
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tankers scheduled t o  a r r i v e  on the seventh day fol lowing launch. The 
proposed t r a f f i c  model t o  support the 13,000-gal LH2 mobile tanker 
t r a f f i c  i s  shown i n  Appendix 6, Figure 6-1. 
por ta t ion model t o  support the 34,000-gal r a i l c a r  t r a f f i c  i s  shown i n  
Appendix 12, Figure 12-5. 
A proposed 9-day trans- 
Under t h i s  option, each 13,000-gal LH2 tanker would be loaded w i t h  
11,700 gal o f  LH2 by A D C I  (assuming 6-percent u l lage and a 6-percent 
water density safet, f i l l  factor). Depressurization, bo i lo f f ,  and 
other t ransfer  losses would amount t o  approximately 1,025 gal. 
mobile tanker would then de l i ver  approximately I O , G 7 5  q a l  o f  LH2 
i n t o  the KSC storage spheres each round t r i p .  
Each 
Loadout a t  A P C I  f o r  each o f  the ten 34,000-gal r a i l c a r s  would be 
31,700 gal o t  
density safety factor ) .  
t ransfer  losses would amocnt t o  approximately 2,600 gal .  
car would then de l i ver  29,230 q a l  o f  LHz i n t o  the s t o r m e  spheres 
a t  Pads A and B as required. Movement o f  the LY2 r a i l c a r s  f o r  o f f -  
loading operations would be cccomplished w i t h  the KSC trackmobile. 
!allowing 6-percent u l lage and. a 6-percent water 
Depressurization, bo i lo f f ,  and other  
Each rai l -  
The proposed launch cycle would begi,i w i t h  the LH2 storaye s!?heres 
a t  each pad containing 850,W3 gal o i  LH2. 
froiii Pad A, storage i n  Sphere A i s  reduced t o  350,000 gal 
the day fol lowing launch and continuing f o r  the next 7 days, twenty 
13,000-gal tiiobile tanker loads o f  LHz and ten 34,000-gal ra i ' lcars 
would a r r i v e  a t  Pad A u n t i l  Sphere A storage i s  returned t o  850,000 
When d launch occurs 
Beginning 
15-2 
2.0 
gal. ihe same procedure m l d  be repeated for each laulch from 
Pad B. AKI mobile tankers with delivery f o.b. K S  could be 
used to provide backup support during increwmtal procuwrent of 
oMtiL%AL PAGE IS ;. :. .? . <:v QUALPl"r 
additional rai 1 cars. 
INVESTHEM COST 
Estimated investment cost to support this option consists o f  the 
purchase o f  seven additional 34,000-gal 4 railcars, some difi- 
cations to  KX and APCX railroad tracks and facilities to facil i tate 
rapid onloading/offloading o f  ten railcars, and refurbishing crf the 
four NASA-owned 34,ooO-gal railcars. The seven existing Ku;-aned 
13,OOO-gal mobile tankers and the four MSA-owned 34,OOO-gal mil- 
cars at Lewis Research Center are assuaed to be available and 
serviceable in 1982. As comaon carrier tractors are used with th is  
option, no additional trucks are required. Cost estimates for 
procuring n#r 34,003-gal railcars and for rehabilitating the four 
NASA-owned railcars are detailed in Appendix 12. Cost estimtes 
for railroad track modification and extension at KX and APCI for 
eighteen railcars are also detailed in Appendix 12. For t h i s  option, 
a 2/3 prorata share o f  the KSC Design Engineering (DE) cost estimate 
is used for ten railcars. Estimated investment cost for this option 
fol lows. 
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0 E q u i p e n t  Investaent Cost 
1977 VElgoR 1961 Bw16n 
ESTIMTE ESTIME 
Seven 34,oOo-6al Railcars $2,100,000 $2,7=,700 
0 Cost A d j u s m t  Factor (10 Percent) $ 275,300 
0 Four 34,OOO-6al Rai lcars (Rehabi l i ta ted l  3 52.m 
0 F a c i l i t y  Construction Cost 1977 UIGINEER- 1981 BuD6ET 
Iffi ESTIWE (E) ESTIWlE (1.62E) 
KSC Track Hodif icat ions and 
Extensions $1,779,300 
APCI Track Extensions 165,300 
APCI Piping and Transfer Lines 794,100 
$2,738,700 $4,436,700 
0 Oesign Fee (6 Percent) 266,200 
Total Investment Cost $7,782,900 
3.0 OPERATIWG COST 
Operating cost associated w i t h  t h i s  opt ion includes the cost o f  
transportfng LH2 requirements by 13,OOO-gal mobile tanker (using 
coIRK)n c a r r i e r  t rac to rs )  , APCI Terminal and Administrat ion (TU)  
charges, and the cost o f  the t racknobi le and 34,000-gal LHz r a i l c a r  
del ivery.  
on NASA8-31034 contract pr ices f o r  APCI  de l ivery  i n  1982 using 
KSC-owned mobile tankers and i s  deta i led i n  Appendix € 
f o r  r a i l c a r  round t r i p  del ivery,  T U  costs, and trackmobile operations 
are detai led i n  Aopendix 12. 
The estimated cost f o r  cOrrmOn c a r r i e r  de l i very  i s  based 
The cost 
Rai lcar costs include switching and 
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and rebate conriderattons. Operating cost factors and the es- 
ttmated operatlng cost for thls optton follow. 
0 Operating Cost Factors 
Assets: Seven 13,ooO-Gal Tankers 
Ten 34,ooO-6al Railcars 
comnon Carrier Delivery . . . . . $1.12/ni’ls (1982 D o 1 M s )  
Railcar Round Trip Cost . . . . . . . . $2,157 (1977 Do’lhrS) 
0 Cotanon Carrler Cost (20 Nobile Tanker Loads/Launch! 
COST/YEAR - VEAR COST/NILE MILES RWNO TRIPS F . O . 6 .  ORIGIN 
1 p82 $1.12 1,386 260 $ 403,603 
83 1.20 1,386 720 1,197,sM 
84 1.28 1,386 800 1,419,264 
1991 2.06 1,386 800 2,281 128 
Comnon Carrier Cost $16,181,700 
0 Railcar Operatinq Cost [lo Operational Railcars) 
COST RAILCAR 
RAILCAR TR I PS COST/ Y EAR - YEAR LAUNCHES ROUND TRIP cc
1982 13 $3,025 1 30 $ 393,250 
83 36 3,237 360 1,165,320 
84 40 3,463 400 1.385.300 
1991 40 5,561 400 2,224,400 
$1 5 , 769.800 Railcar Operating Cost 
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I )  APCI T U  Charges W n d i x  6 1  $ 665,500 
0 Trackmobile Cost (APwmdix l?) $ 78,800 
Total Operating Cost $32,695,800 
4.0 MINTEMNCE COST' 
Maintenance cost a s s o c d u l  w i th  t h i s  opt ion includes m b i l e  tanker 
maintenance cost, LH2 r a i l c a r  maintenance costs, trackmcrbile m i n t e -  
nilnce cost, ar.d KSC Administrat ion and Scheduling (A&S) cost. Based 
tqon KSC 8m:ctenance records and current APCI re furb ish ing p r i c e  
quotations, ths 1982 msintenance cost f o r  each 13,000-gal mobile 
tanker plus A I S  costs f o r  c l e r i c a l  salary and maintaining administra- 
t i v e  records o f  mobile tanker operations a t  KSC by contractor per- 
sonnel, a re  deta i led i n  Appendix 6. Maintenance cost factors  f o r  LH2 
r a i l c a r s  and the KSC trackmobile are deta i led i n  Appendix 2. Es- 
timated t o t a l  maiittenance cost for t h i s  opt ion follows. 
0 Rai lcar Maintenance Cost (Appendix 2). 
MAINTEWNCE COST/ CARS IN 
YEAR RAILCAR SERF I C E  COST/Y EAR -
1982 $4,067 11 $ 44,737 
83 4,352 11 47,872 
84 4,656 11 51,216 
1991 7,478 11 82,258 
R a i l c a r  Maintenance Cost $61 8,800 
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0 Tracknobile - Ikintenance Cost (Appendix 2 1  $ 41,000 
0 P1 up 
$1,434,100 
Total Maintenance Cost $2,093,900 
5.0 OFFLOADING COST 
Off loading operations for t h i s  opt ion include Safety, Fire,  Vehicle 
Operations (VO), and trackmobile operator functions. As i n  Appendix 
2, trackmobile operators are included i n  the operation cost. With 
simultaneous of f loading of two r a i l c a r s  a t  2 hours per o f f load ing  
Operation, the t o t a l  o f f loading t i m e  f o r  the ten r a i l c a r s  should 
average about 5 hours under t h i s  option. The 13,000-gal mobile 
tankers w i l l  a r r i v e  f o r  o f f load ing  i n  s i x  sets o f  four mobile tankers 
and three mobile tankers as indicated i n  the t r a f f i c  model i n  Figure 
15-1. A t  2 hours per operation, t o t a l  o f f load ing  t ime f o r  mobile 
tankr s should average 12 hours under t h i s  option. F i r e  and Safety 
personnel are required i n  each area 1/2 hour p r i o r  t o  and fo l low ing  
off loading operations. VO personnel are required i n  each area 1 
hour p r i o r  t o  and fo l lowing of f loading operations t o  es tab l i sh  
secur i tv  urepare the s i t es  f o r  operation, and shut down the s i t e s  
fo!;. .ving operations. Estimated cost factors  and t o t a l  o f f load ing  
costs for th is  combined assets opt ion fo l low. 
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0 Cost per Combfned Oloadtnq  Oparatlon [$19.Sl/tbur 1982Dol l a r~  
HOURS/ TOTAL 
FUNCTION PERSONNEL OPERATION MAN-HOURS -.-. ----.- COST~TRANSFER 
S f e t y  1 ia ia $ 351 
Fire 4 18 72 1,404 
1 112 
Cost per 18-Railcar Transfer $2,867 
VO 3 19 57 -L
0 Combined O f f l o d i n t  Cost 
YEAR - NUMBER OF CYCLES COST/YEAR 
1982 $2,867 13 $ 37,271 
83 3,067 36 110.41 2 
94 3,282 40 131,280 
1991 5,271 40 21 0,840 
Total Offloading Cost- $1,494,200 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency of less than  40 launches per year, 
the cost-effecttveness of this option i s  increased significantly. 
For example, a t  20 launches per year, investment c o s t  could be 
elimlnated and maintenance costs  could be reduced approximately 
20 percent. I n  addi t ion ,  an estimated 50-percent reduction I n  
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operating and a 23- percent reduction i n  o f f load ing  costs could 
be achieved. Transfer/ef f ic iency losses could also be reduced 
by 50 percent except b o i l o f f  losses which would continue a t  a 
uniform rate.  Estimated t o t a l  cost, by category, f o r  t h i s  opt ion 
a t  20 STS launches per year fo1:ows. 
Investment Cost 
Operating Cost 
Maintenance Cost 
Off loading Cost 
Transfer/Eff ic iency Cost 
TOTAL COST (20 LAUNCHES/YEAR) 
None 
$1 6,826,600 
1,700,100 
1,164,500 
6,700,000 
$26,391 ,200 
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APPENDIX 16 
OPTION 16 - COMBINED ASSETS - MOBILE TANK€RS 
1.0 CONCEPT OF OPERATION 
Option 16 i s  based on the use of the seven existing KSC-owned 
13,000-gal mobile LH2 tankers and the four existing NASA-owned 
34,000-gal LH2 railcars a t  Lewis Research Center combined w i t h  
four 19,700-gal LH2 mobile tankers to  support 40 STS launches 
per year. Five additional mobile tankers o f  19,700-gal capacity 
(four operational and one maintenance spare) would be procured i n -  
crementally as needed. The seven 13,000-gal and four 19,700-gal 
mobile tankers would be transported by c m o n  carr ier  tractors 
on a 56-hour round trip schedule as i n  Option .. The four 34,000- 
gal railcars would be transported by scheduled ra i l  carr ier  on a 
9-day round trip basis as i n  Option 12. 
To provide 500,000 gal o f  LH2 per launch and t o  provide for transfer/ 
efficiency losses, a total o f  560,000 gal of LH2 would be loaded 
in KSC mobile tankers and railcars a t  APCI. 
into storage spheres a t  Pads A and B would be accomplished 
during days 1 through 7 by mobile tankers and on a specified day 
o f  the launch cycle for railcars w i t h  no deliveries on the day pre- 
ceeding the (or on the actual) launch date. 
Delivery of LH2 directly 
The combined [nobile tanker and rai lcar  assets would operate as four 
separate transportation elements. The f i r s t  element would consist 
of four 13,000-gal mobile tankers, the second would consist of four 
19,700-gal mobile tankers, the third would consist o f  four 34,000- 
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gal ra i l cars ,  and the f o u r t h  element would consist  o f  three 13,000-gal 
mob1 l e  tankers. 
Under t h i s  opt iwi ,  each 13,000-gal LH2 tanker would be loaded with 
11,700 gal  o f  LH2 by APCI (assumir?g 6-percent ullagc! and a 6-percent 
water densi ty safety f i l l  factor) .  Depressurization, b o i l v f f  , and 
other t ransfer losses would amount t o  approximately 1,025 gal .  Each 
mobile tanker would then de l i ver  approximately 10,500 gal  of LH2 
i n t o  the KSC storage spheres each round t r i p .  Loadout a t  A P C I  for 
each of the 34,000-gal r a i l c a r s  would be 31,700 gal  of LH2 (al lowing 
6-percent u l lage and a &percent water density safety  fac to r ) .  
pressurization, boi  l o f f ,  and ottwp transfer losses would amount t o  
approximately 2,600 gal .  Each r a i l c a r  would then d e l i v e r  3,000 ual  
of LH2 i n t o  the storage spheres a t  Pads A and 0 as required. Load- 
out a t  APCI f o r  each o f  the 19,700-gal mobile tankers would be 
17,600 gal  of LH2 (a l lowing f o r  a &percent u l lage and a 6-percent 
water density safety factor ) .  Depressurization and other t ransfer  
losses would amount t o  approximately 1,540 gal  , allowing ahout 
16,000 gal of LH? t o  be placed i n  storage each round trip.  
k- 
The proposed launch cycle would h q i n  w i t h  t.wh pad stcrraqt' sphcir 
containing 850,000 gal o f  LH?. When a launch t~cc'ui*s f i w n t  Fad A. 
storage i n  Sphere A would he reduced t o  350.000 ga l ,  
day fo l lowing launch, and contitruing f a r  the next 7 dnys. n f n e t t w  
13,000-gal and twelve 19,700-gal niobile t8nhcr loads and four  31.QUO- 
gal ra i l cap  loads of  LH2 would a r r i v t l  a t  Pad A u n t i l  storagr l r v e l s  
am returned to  853,000 gal.  T h i s  sdnw procedure would he rtywatrd 
H t y i r r n i q  thc 
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f o r  each launch a t  Pad B. T r a f f i c  models f o r  each method o f  
t ransportat ion are shown i n  Figures 6-1, 8-2 and 12-5. APCI 
mobile tankers with de l i very  f.0.b. KSC could be used t o  provide 
backup support i n  the event o f  accident o r  maintenance delays, o r  
the addi t ional  16,000-gal KSC LH2 tanker could be used for t h i s  
purpose i f  required. 
2.0 INVESTMENT COST 
Estimated investment cost t o  support th is  opt ion consists o f  the 
purchase of f i v e  new 19,700-gal LH2 mobile tankers, re furb ish ing 
the four  ex is t ing  NASA-34,000-gal ra i l cars ,  and expansion o f  the 
KSC LH2 mobile tanker parking/maintenance pad t o  accmodate  
twelve tankers and two rechargers. The seven e x i s t i n g  KSC-owned 
13,000-gal mobile tankers and the four NASA-owned 34,000-gal r a l l -  
cars a t  lewish Research Center are  assumed t o  be avai lab le and 
serviceable i n  1982. As c m n  c a r r i e r  t rac to rs  are used wi th 
t h i s  option, no addi t ional  equipment i s  required. Cost estimates 
f o r  procuring new 19,700-gal tankers are deta i led i n  Appendix 8. 
Cost estimates ;or* re furb ish ing the NASA-owned 34,000-gal r a i l c a r s  
are d e t r f i e d  i n  Appendix 2. Cost estimates f o r  expanding the LH2 
mobile tanker hardstand bre prorated from the estimate i n  Appendix 6. 
Projected investment cost t o  the time contracts would be awarded 
follows. 
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Equipment Investment Cost 
1977 VENDOR 1981 BUDGET 
ESTIMATE ESTIMATE 
Five 19,700-Gal Mobile Tankers $2,500 , 000 $3,276,900 
Cost Adjustment Factor (10 Percent) $ 327,700 
Four 34,000-Gal Rai 1 cars 
(Rehabili t ated) $ 40,000 $ ~2,000 
Facility Construction Cost 
1977 ENGINEEP- 1981 BUDGET 
INS ESTIMATE ( E )  ESTIMATE- (1 .52E) -- 
Mobile Tanker Maintenance Hardlstand $ 35,000 $ 56,700 
Design Fee (6 Percent) 3,400 
Total Investment Cost $3,664,700 
3.0 OPERATING COST 
Operating cost associated w i t h  this option includes the cost of 
transporting LHz requirements by 13,000-gal and 19,700-gal mobile 
tankers (us ing  c m o n  carrier t ractors) ,  APCI Terminal and Admini- 
stration (T&A) charges, delivery costs by 34,000-gal rz i lcar  and 
trackmobile costs. The estimated cost for c m o n  car r ie r  delivery 
i s  based on NAS8-31034 contract prices fo r  APCI delivery i n  1982 
and i s  detailed i n  Appendix 6. Railcar round t r i p  cost i s  based on 
current Florida East Coast (FEC) Railroad price quotations and i s  
detailed i n  Appendix 12 .  Qperating cost factors and the estimated 
operating cost for the period 1982 through 1991 follows. 
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0 Ope!&tinq Cost Factam 
Assets: Seven 13,000-Gal Tankers @ 19 Round Trips/Launch 
F i v e  19,700-Gal Tankers @ 12 Round Trips/Launch 
Four 34,@00-Gal Railcars @ 1 Round Trip/Launch 
Comnon Carri  e r  Del i very . , . . . . . . $1 .12/Mi le  (1 982) 
Hailcar Round T r i p  Cost . . . . . . . . . . $2,157 (1977) 
Trackmobile Cost (1/3 X Appendix 2)  . . . . . . $26,300 
0 Operating Cost (13,000- and 19,700-Gal Mobile Tankers) 
ROUNO TRIPS/ COST/MILE - YEAR YEAR - MILES COMMON CARRIER 
1982 403 1,386 $1.12 
83 1,116 1,386 1.20 
84 1,240 1,386 1.28 
1991 1,240 1,386 2.06 
Mobile Tanker Operating Cost 
8 Rai lcar Oper-tinq Cost 
ROUND TRIPS/ COST/ 
II Y CAR YEAR ROUND TRIP  
1982 52 $3,025 
83 146 3,237 
84 160 3,463 
1991 160 5,561 
Rai 1 car Opera t i ng Cost 
COSl/Y EAR 
$ 625.585 
1,956,130 
2 , 199,858 
-
-- 
3,540,397 
$25 ,(?81,800 
COST(Y EAR 
$ 157,300 
472,602 
554,080 
989,760 
$6 , 31 5 I 000 
l@-5 
0 APCl  T U  Cost (Appendix 6 1  $ 665,500 
0 KSC Trackmobile Cost (113 X ADD endix 2) $ 
rota1 Operatinq Cost 
26,300- 
$32 , 088,600 
4.0 MAINTENANCE COST 
Maintenance cost associated w i th  t h i s  opt ion includes 13,000- ana 
19,700-gal mobile tanker rnaintecance costs, KSC Administr .’;- ? .: 
Scheduling (ALS) costs, 34,000-gal r a i l c a r  maintenancc costs , and 
KSC trackmtoi l e  maintenmce costs. Maintenance cost f o r  a1 1 
mobile t a n k r s  i s  assumed t o  be equal and i s  de ta i led  i n  Appendix 
6. haintenance costs fo r  the 34,000-gal r a i l c a r s  are de ta i led  i n  
Appendix 12 and maintenance costs f o r  the KSC trackmobile are de ta i led  
i n  Appendix 2. 
6. 
fo l low. 
A&S costs are standard and are de ta i led  i n  Apnendix 
Estimated maintenance cost f o r  the combined assets o f  t h i s  opt ion 
0 - Mobile Tanker Maintenance Cost 
COST/ TANKERS I N  
YEAR TANKER/Y EAR SERVICE COST/Y EAR -
1982 $4 , 780 12 $ 57,360 
83 5,115 12 61,375 
84 5,473 12 65,671 
1991 8,788 12 - 105,456 
Mobile Tanker Maintenance Cost $792,500 
0 Mobile Tanker T i re  and Brake Cost (Appendix 6]$,1,154,8no 
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0 Rai lcar  Maintenance Cost 
RAILCARS IN 
YEAR COSl/RAILCAR SERVICE 
1982 $4,067 4 
83 4,353 4 
84 4,656 4 
-
1991 7,478 4 
Rai lcar Maintenance Cost 
0 KSC A&S Cost (Appendix 6) 
0 Traclanobile Main- 
Total  Maintenance Cost 
cosl /YEnR 
$ 16,268 
17,4CB 
18,624 
-- 
29,910 
$ 225,000 
$ 221,900 
$ 41,000 
$2,435,200 
3.0 OFFLOADING COS1 
Offloading operations f o r  t h i s  opt ion include Safety, Fire,  Vehicle 
Operations (VO), mobile tanker operator, and trackmobile operator 
functions. Comnon c a r r i e r  dr ivers  w i l l  perform mobile tanker 
operator functions and trackmobile operators are included i n  the 
operating cost as i n  Appendix 2. Thirty-one mobile tanker loads 
of LH2 are required each launch cycle. For o f f load ing  purposes, 
these mobile tankers w i l l  a r r i v e  i n  nine sets o f  up t o  four  tankers 
each. The f i r s t  set  o f  four  mobile tankers w i l l  a r r i v e  a t  KSC on 
the morning fo l lowing an STS launch. The remaining e igh t  sets o f  
mobile tankers w i l l  a r r i v e  as :qdicated on the t r a f f i c  diagram 
(Fjgure 16-1). Nine separate o f f load ing  OF- - + t i f i n s  for mobile 
tankers would be required a t  2 hour: c,n . 
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The four r a i l c a r s  wwld be offloaded i n  groups o f  two on the  2-inch 
offload manifold w i t h  an of f loading tie o f  2 hours per operation. 
Tota l  offloading cost factors  and cost for t h i s  optionfol low.. 
0 Cost per m i n e d  Offloading CPeration wr L w  h (11 Owrat ion%) 
HOURS TOTAL COST AT $19.51/ 
PdXTION PERSOMU OPERATIOW CUW-HOURS MAW-HOUR (1982) 
Safety 1 3 33 ’ 643 
F i  re 4 3 132 2,575 
vo 3 4 132 2,575 
Offloading Cost/Launch $5,793 
@ Combined Off loading Cost 
NumER - YEAR OF CYCLES COST/TRANSFER COST/YEAR 
1982 13 $ 5,793 $ 75,309 
03 36 6,199 223,164 
84 40 6,633 265,320 
1991 40 10,643 425,720 
Total Off loading Cost $3,020,500 
6.0 REDUCED LAUNCH RATE SENSITIVITY 
For an STS launch frequency of less than 40 launches per year, the 
cost-effectiveness o f  Option 16 remains high. 
Gffloading, and t ransfer /e f f ic iency costs, the most e f f i c i e n t  method 
i s  t o  procure and use f i v e  19,700-gal mobile LH2 tankers w i t h  c m n  
c a r r i e r  de l ivery  i n  conjunction w i th  the four  NASA-owned 34,000-gal 
I n  terms o f  operations, 
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ra i lcars .  Although the use o f  13,000-gal mobile tankers would 
reduce the i n i t i a l  investment, t h i s  cost i s  less than the saving 
i n  operating, offloading, and maintenance costs achieved w i th  the 
la rger  tanker. Under t h i s  option, investment cost would include 
the cr,st of  f i v e  19,700-gal mobile tankers and rehab i l i t a t i on  o f  
the four NASA-awned 34,000-gal ra i l cars .  Operating cost could be 
reduced 60 percent, offloading costs could be reduced approximately 
50 percent and maintenance costs could be reduced approximately 
20 percent. Transfer le f f ic iency losses could be reduced approx- 
imately 50 percent i f  no "heel" i s  retained a f t e r  o f f loading 
operations a t  KSC. Estimated costs a t  20 STS launches per year 
follow. 
Investment Cost 
Operating Cost 
Maintenance Cost 
Offloading Cost 
S 3,656,600 
1 6,044,300 
1,948,200 
1,510,500 
Transfer/Eff ic iency Cost 6,700,000 
TOTAL COST (20 LAUNCHES/Y EAR) $29,859,600 
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APPEND1.f 17 
LH2 TRANSFER/EFFICIENCY LOSSES 
1.0 GENERAL 
This appendix i s  a compilation of  overall LH2 losses for each o f  
the options addressed in th is  study. Total program losses f o r  each 
option are based on an estimated LH2 average pr:ce o f  $1.28 per 
pound during the period 1082 through 1991. 
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APPENDIX 18 
APPENDIX 18 
FUEL CONSWPTION 
1 .o GENERAL 
A comparison o f  diesel fuel consunption f o r  each method o f  LH2 
t ransportat ion used i n  t h i s  study f o r  the period 1982 through 
1991 i s  shown i n  Figure 18-1. A comparison o f  the r e l a t i v e  
fue l  cost escalated a t  the uniform r a t e  o f  7 percent per year 
and a t  thz rate o f  14 percent per year during the same period 
i s  shown i n  Figures 18-2 and 18-3. 
2.0 N E L  CONSUMPTION 
I n  developing the fue l  consumption and fue l  cost tables used 
i n  t h i s  appendix, the fo l lowing data were used. Fuel costs 
were escalated from a 1977 base cost of $0.40 per gal. 
TRANSPORTATION METHOD FUEL CONSUMPTION 
Tractor With 13.000-Gal Tanker 4.50 Miles/Gal 
Tractor With 19,700-Gal Tanker 4.00 M i  les/Gal 
Locomotive (2.000-HP*) W i  t h  18 Rai 1 cars .50 M i  1 es/Gal 
Locomotives (Two 200 HP) With 36 Railcars . 3 3  Mi 1 es/Gal 
Seagoing Tug (2,000 HP) 45 .OO G a l  /Hour 
3.0 DISTANCE FACTORS 
I n  developing the fuel consumption and cost factors used in t h i s  
study, the fol lowing distance and t i m e  factors were used. 
* Horsepower 
TRANSPORTATION METHOD 
ROUND TRIP 
Df STANCE/f IME 
Truck Tractors 1,386 Miles 
Locmo t i ves 1,500 YIles 
Barge" 230 Hours 
* Average barge speed = 8 Miles per hour 
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YEAR 
1982 
83 
84 
85 
86 
87 
88 
89 
90 
1991 
-
TRUCK WITH 
TANKER 
192,192 
532,224 
591 ,360 
591,360 
591,36G 
591,360 
591 ,360 
591,360 
591,360 
591 ,360 
13,000-GAL 
Total 5,455,296 
FUEL CONSUMED (GAL) 
LH2 TRANSPORTATION fXTHODS 
TR'JCK WITH 
TANKER 
144,352 
399,744 
444,160 
444,160 
444,160 
444,160 
444,160 
444,160 
444,160 
444,160 
4,097,376 
1 9 , 7W-GAL TRAIN - 18 
RAILCARS 
39,000 
108,000 
1 20,000 
1 20,000 
120,000 
120,000 
120,000 
120,000 
1 20,000 
1 20,000 
1,107,000 
, 
TRAIN - 36 
RAILCARS 
29,250 
81,000 
90,000 
90,000 
90,000 
90,000 
90,000 
90,000 
90,000 
90,000 
830,250 
SFJU;OING 
TUG 
1 00,906 
279,432 
31 0,480 
31 0,480 
310,480 
31 0,480 
31 0,480 
310,480 
310,480 
310,480 
2,864,178 
FIGURE 18-1 
DIESEL FUEL CONSUMPTION 
1982 THROUGH 1991 
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YEAR 
1982 
83 
84 
85 
86 
87 
88 
89 
90 
1991 
- 
To tal  
FUEL COST - 7-PERCENT ESCALATION 
LH2 TRANSPORTATION METHODS 
TRUCK W I T H  
TANKER 
1 3,000-GAL 
$ 108,396 
321,179 
381,847 
408,576 
437,176 
467,779 
500,523 
535,560 
573,049 
613,162 
$4,347,247 
TRUCK WITH 
TANKER 
$ 81,289 
240,865 
286,362 
306,407 
327,856 
350,806 
375,362 
401,638 
429,752 
459,835 
$3,260,172 
1 3,700-GAL TWIN - 18 
RAILCARS 
$ 21,196 
65,175 
77,486 
82,910 
88,714 
94,924 
101,569 
108,679 
116,286 
124,426 
$881,365 
TRAIN - 36 SEAGOING 
RAILCARS TUG 
$ 16,497 $ 56,914 
48,881 168,631 
58,115 200,484 
62,183 21 4.51 8 
66,536 229,534 
71,193 245,601 
76,177 262,793 
81,509 281 ,189 
87.21 5 300,872 
93,320 321,933 
$661’,626 $2,290,469 
FIGURE 18-2 
DIESEL FUEL COST 
1982 THROUGH 1991 
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YEAR 
1982 
83 
04 
85 
86 
87 
88 
89 
90 
1991 
-
TRUCK WITH 
TANKER 
1 3,000-GAL 
$ 108,396 
342,220 
433,466 
494,151 
563,332 
642,198 
?32,106 
834,601 
951,446 
1,084,648 
$6,186,564 
FUEL COST - 14-PERCENT ESCALATION 
LH2 TRANSPORTATION METHODS 
TRUCK W I T H  
19,700-GAL 
TANKER 
$ 81,414 
257,035 
325,569 
371,148 
423,109 
482,345 
549,873 
626,855 
714,615 
81 4,661 
$4,646,624 
TRAIN - 18 
RAILCARS 
$ 21,996 
69,444 
87,960 
00,274 
14,312 
30,316 
48,560 
169,359 
1 93,069 
220,099 
$1,255,3@9 
TRAIN - 36 SEAGOING - RAILCARS TUG 
$ 16,497 $ 56,910 
52,083 179,674 
65,970 227,581 
75,205 259,443 
85,734 295,764 
97,737 337.171 
111,429 w 375 
127,019 438,187 
144,802 499,534 
- 165,074 569,468 
$941,541 $3,259,500 
FIGURE 18-3 
DIESEL FUEL COST 
1982 THROUGH 1991 
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